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A large number of measurements describing the isotopic composition of the ele
ments using a variety of analytical methods have been reported since the discovery 
of the first isotope in 1912. During the past several decades, however, mass spec
trometric methods have been used, almost exclusively, to determine the isotopic 
composition, and thus the atomic weights, of the elements. This evaluated com
pilation reports the literature references for all complete mass spectrometric mea
surements published during the period 1920 through 1983. Also given are the iso
topic compositions, the isotope ratios, the atomic weights calculated from the data, 
the appropriate nuclidic masses and an evaluation of the errors of the measurements. 
For each polynuclidic element, a best measurement has been selected. 
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1. Introduction 

The first discovery of a stable "isotope" of an ele
ment, nNe, by J.J. Thomson in November 1912 started an 
era of more refined knowledge of the nature of the ele
ments. This period continued until the report of the dis
covery of lSora by White, Collins and Rourke in 1955, the 
most recently reported new isotope. Tantalum had been 
previously believed to be mononuclidic with l8lTa the 
only stable nuclide. 

A variety of measurements describing the terrestrial 
isotopic composition of the elements has been published, 
both in the open and in more restricted literature since 
Thomson's discovery. However, it soon became apparent 
that the reported measurements frequently did not agree. 
In some cases, real variations in the natural isotopic com
position were reported and have subsequently been veri
fied. In other cases, unjustified high accuracy was 
claimed, which led to the conclusion that real isotopic 
variations existed. More recent work has shown that 
these conclusions were frequently erroneous and that no 
significant variations in the natural isotopic composition 
exist in many cases, at least at current measurement pre
cision. 

Since there is now a wide scientific interest in iso
topic composition and natural isotopic measurements, the 
authors thought it useful to identify and assemble isotopic 
abundance literature for all the elements. Much of this 
literature is not readily available from libraries or in jour
nals, either because it was published only as internal re
ports of various types, or the data were released from 
previously classified documents years after the mea-
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surements were performed. 
This document is an outgrowth of three preliminary 

unpublished reports prepared in 1963 and 1964 at the 
Central Bureau of Nuclear Measurements (Joint Re
search Centre of the Commission of the European Com
munities), Geel, Belgium. The data presented here were 
compiled from literature sources there, and from litera
ture fIles at the General Electric Knolls Atomic Power 
Laboratory, Schenectady, New York; the Brookhaven 
National Laboratory, Upton, New York; and the Na
tional Bureau of Standards, Gaithersburg, Maryland. 

The present evaluated compilation is intended to 
provide an published data, along with the appropriate 
literature references, on isotopic abundances which have 
been reported in the open and available literature. It is 
limited to data obtained by mass spectrometric methods 
since, in general, these methods provide measurements of 
higher precision and accuracy than any other methods 
available at this time. The literature covered was pub
lished from 1940 to the end of 1983. References to litera
ture published prior to 1940 have, in some cases, been 
included but, primarily due to instrumental limitations 
existent in the period 1923-1940 much of that work was 
considered of lesser value for the purposes of this com
pilation. In general, literature has only been included for 
those cases where complete isotopic abundances (or alter
natively, an isotopic ratios) have been reported. Much of 
the available literature in which only variations of indi
vidual isotopic ratios have been reported, has been omit
ted. In most of these cases, variations reported versus 
some reference material or ratio are not complete and 
make the calculation of abundances or of meaningful 
atomic weight values difficult if not impossible. 
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2. Explanation of the Tables 

The elements are listed in the tables in order of in
creasing atomic number and using the names of the ele
ments, in English, as recommended by the International 
Union of Pure and Applied Chemistry. For each element, 
in the line below the name and number of the element is 
listed the atomic weight (Ar(E») recommended by the 
International Commission on Atomic Weights (now 
l:iallcd the IUPAC Commission on Atumil:i Wcighls and 
Isotopic Abundances) in 1961 when these values were 
recalculated from the oxygen to the carbon scale. If the 
recommended value or the uncertainty (UlE)) has 
changed in the period 1961 to 1983, the changed value 
and the year of the recommended change are also listed. 
The references to each of the complete Reports of the 
Commission during that time are given at the end of this 
compilation. 

In the tables, the appropriate nuclidic masses (in uni
fied atomic mass units, u) for each stable isotope are listed 
(AH. Wapstra and K. Bos, Atomic Data and Nuclear 
Data Tables, 19, 175 (1977).) The uncertainties for these 
are not repeated here since, in general, the nuclidic masses 
are known to a precision much greater than than that of 
the corresponding isotopic abundance and, except for the 
mononuclidic elements, the uncertainty on the nuclidic 
mass is oflesser importance. The reader is cautioned how
ever, that the levels of precision reached in the past few 
years in the determination of isotopic abundance values 
have approached the point where the nuclidic mass un
certainties may no longer be neglected and the most re
cent nuclidic mass evaluation should be consulted. 

The references to the published data are given in 
chronological order for each element. The isotopic abun
dances and isotopic ratios are given for each reference. 
The data are given as presented in the original literature 
(however, see below). The user should be aware that, in 
some cases, the isotopic abundances given do not total to 
100 percent. Where other information was not given so 
that corrections could be made (e.g. where isotopic ratios 
were not published) the data have not been corrected hut 
are given as published. Uncertainties assigned by the orig
inal authors to the data are given in brackets and are 
applicable to the last digits. Where no uncertainties are 
indicated, none was given in the original literature and 
those authors are assumed to have intended an error of 
± 1 on the last digit given (see discussion below.) 

The authors of this compilation initil'llly dp.dded 1t 

would be of use to the majority of readers if both the 
isotopic composition (isotope abundances in atom per
cent) and the isotope ratios were presented. Further it 
was decided that, for the purpose of comparison, it would 
be useful if the ratios were given with a common base 
isotope for each element. It should be noted that data 
were presented in a variety of ways in the original litera
ture. In some cases only abundances were given, in others 
the isotopic ratios were given but different reference iso
topes were used from paper to paper. The necessary cal
culations have been made to present here both isotopic 

abundances and isotopic ratios using a common reference 
isotope. The choice of the base or common isotope was, 
in many cases, arbitrary although some general guidelines 
were used. For example, for systems of two isotopes only, 
the heavier isotope was frequently chosen as the denomi
nator. For systems of more than two isotopes, a mod
erately abundant (a few percent) isotope near the center 
of mass for the element was chosen, however, in many 
cases, there have been other reasons that the majority of 
authors of data have chosen a common isotope to report 
the data and we have accepted that choice. To calculate 
the atomic weight for each entry, it was most convenient 
to use a computer program developed by one of the au
thors (ILB) which requires as input the isotopic abun
dance and the error on the abundance, thus it was neces
sary to calculate the abundances and the associated errors 
on the abundances in each case where that was not given 
in the literature. A small "c" annotating the uncertainty 
on an abundance indicates that we have calculated that 
uncertainty from that given for an isotopic ratio in the 
literature. 

Next the atomic weight and its uncertainty are given 
as calculated from the abundances and the nuclidic 
masses. In the cases mentioned above, where isotopic 
abundances do not total to 100 percent, the atomic weight 
given has been normalized using the simple factor of the 
difference between the totals given and 100 percent. The 
indicated uncertainities for the mononuclidic elements 
were obtained by multiplying the uncertainties given by 
Wapstra and Bos for the appropriate nuclide by a factor 
of six. We believe that this gives an ulll:icrtainty as I,;ullsis
tent as possible with those given for the polynucHdic 
elements. 

An indication of the type of uncertainty quoted in the 
original literature is given below the atomic weight value 
as follows: 

"NS" is used to indicate that an error value was not 
stated in the original literature. 

"SD", "2XSD", and "3XSD" indicates that the au
thor stated the errors to be I, 2, or 3 standard devi
ations. 

UP" indicates probable error (as defined by the au
thor). 

"SE" indicates standard error. 
In the fmal row of the table a Ole" has been placed if 

the measurement is known to be one which is calibrated 
with the use of separated isotopes thus becoming an "ab
solute" measurement. In a few cases the "c" has been 
appended where the effects of measurement fractionation 
have been removed by the use of the "double spike" 
technique, and where this was judged to have been done 
with particular care in the preparation and calibration of 
the spike solutions. A "B" has been added to the mea
surement which has been judged to be the best mea
surement from a natural source. The designation of "best 
measurement" was generally done on the basis of a cali
brated measurement or a double spiked measurement. If 
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neither were available for an element, the most precise 
measurement was chosen from the group of published 
literature which gave sufficient detail of the measurement 
process for the authors to judge that reasonable care had 
been taken to eliminate the more common sources of 
error. As a result, the reader should note that the best 
measurement is not necessarily a good one. 

Finally, in the last column (Ref. 83ICA1) the isotopic 
abundances are given as recommended by the IUPAC 
Subcommittee on the Assessment of Isotopic Com
position of the Commission on Atomic Weights and Iso
topic Abundances as "representative" for the element. In 
some cases, where it is known that the isotopic abun
dances for an element do not vary in nature and a cali
brated measurement is available, the representative com
position is the same as the best measurement. In other 
CAses, the representative compositions are given with less 
precision, either because no calibrated measurements are 
available, or the possibility of small changes in isotopic 
composition exists. In general, however, these may be 
taken as the composition which might be expected in an 
average bottle of reagent chemicals. Nevertheless. the 
user should be aware that materials are available in com
merce where the isotopic composition may vary consid
erably from these values (this is particularly true of the 
elements B, Li, and U). If more accurate values are 
needed, the reader is urged to obtain and use specially 
analyzed samples. The reader is referred to a recent pub
lication by Peiser et a1. for additional information on rep
resentative isotopic compositions and the effects of these 
on atomic weights (H.S. Peiser, I.L. Barnes, P.J. De 
Bievre, J.R. De Laeter, R. Hagemann, N.B. Holden, T.J. 
Murphy, E. Roth, M. Shima, and H.G. Thode, "Element 
by Element Review of their Atomic Weights", Pure 
App1. Chern. 56, 696 (1984). 

The last section of this publication contains the com
plete reference to the data. The reference system used 
was originally developed by one of the authors (NEH) for 
the General Electric Wall Chart of the Nuclides and is 

J. Phys. Chern. Ref. Data, Vol. 13, No.3, 1984 

based on using the last two digits of the year of publica
tion, followed by the first three letters of the first author's 
last (family) name and is followed by a single digit serial 
number. 

The authors hope that this evaluated compilation 
will be of help to the scientist interested in the isotopic 
abundance of the elements and will help save the tedious 
effort of searching the literature, particularly since many 
of the original citations are no longer readily available. 
Additional information from those references may be ob
tained from the authors. 

As mentioned above, this compilation was developed 
over a number of years. Every effort has been made to make 
it as complete as possible but it is inevitable that the authors 
have, inadvertently, missed some important references. We 
would be most grateful if readers would draw these to our 
attention. We would also appreciate: re«;iving copies of re;
prints of papers that might be included in a future update of 
this compilation. 
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Element 1H Hydrogen 

1961 1. 00797 1 969 1.0080 (3) 1971 1.0079 1981 1.00794 (7) 

no. Nuclidic mass 36HALl 38MOR1 38VOSl 

1.007825037 99.9844 (5)c 99.9839 (5)c 99.90508 (l)c 

2 2.014101787 0.0156 (5)c 0.0161 (5)c 0.01492 (11)c 

Isotope ratio 2/1 0.0001563 (42) 0.0001613 (52) 0.00014922 

Atomic weight 1.007982 (5) 1. 007987 (5) 1.0079752 (1) 

Error NS NS NS 

Annotation 

no. Nuclidic mass 39SWAl 51 KIRl 51 KIRl 54CLA1 

1.007825037 99.9855 99.9861 (1) 99.9847 (1) 99.9848 (3) 

2 2.014101787 0.0145 0.0139 (1) 0.0153 (1) 0.0152 (3) 

Isotope ratio 2/1 0.0001449 0.00013902 0.00015302 0.0001520 

Atomic weight 1.007971 (1) 1.007965 (1) 1.007979 (1} 1.007978 (3) 

Error NS SO SO SD 

Annotation 

no. Nuclidic mass 6OHOR1 60HOR1 70HAGl 831 CAl 

1.007825037 99.98511 (5) 99.98531 (5) 99.984426 (5)c 99.985 (1) 

2 2.014101787 0.01489 (5) 0.01469 (5) 0.015574 (5)' 0.015 (1) 
(for water only) 

Isotope ratio 2/1 0.00014892 0.00014692 0.00015576 (5) 0.000150 

Atomic weight 1.0079749 (5) 1.0079729 (5) 1.00798176 (5) 1.00798 (1) 

Error p p 2XSD 

Annotati on C, B 

Element 2He Helium 

1961 4.0026 1969 4.00260 1983 4.002602 (2) 

Mass 
no. Nuclidic mass 34VAUl 46ALDl 46ALDl 47 FAIl 

3 3.016029297 0.00286 0.000016 {4)c 0.00013 (13)c 0.00012 

4 4.00260325 99.997 99.999984 (4)c 99.99987 (13)c 99.99988 

Isotope ratio 3/4 2.9 x 10-5 1.6 x 10-6 (4) 1.3 x 10-6 (3) 1.2 x 10-6 

Atomic weight 4.0025694 (1) 4.00260310 (4) 4.0026020 (3) 4.0026021 (1 ) 

Error NS SD SO NS 

Annotation 

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984 
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Mass 
no. Nuclidic mass 

3 3.016029297 

4 4.00260325 

Isotope ratio 3/4 

A~omio;; weight 

Error 

Annotation 

Mass 
no. 

3 

Nuclidic mass 

3.016029297 

4 4.00260325 

Isotope ratio 3/4 

Atomic weight 

Error 

Annotation 

Mass 
no. 

6 

1961 6.939 

Nuclidic mass 

6.0151232 

7 7.0160045 

Isotope ratio 7/6 

Atomic weight 

Error 

Annotation 

Mass 
no. 

6 

7 

Nuclidic mass 

6.0151232 

7.0160045 

Isotope rotio 7/6 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 2He Helium--continued 

47FAIl 48ALOl 70MAMl 76CLAl 

0.0001399 (13) 0.0001384 (6) 0.00013 

99.99987 

1.3 x 10-6 

4.0026020 (1) 

NS 

0.000120 (12)c 

99.999880 (12)c 

1.2 x 10-6 (2) 

4.0026021 (1) 

SO 

99.9998601 (13) 99.9998616 (6) 

1.399 x 10-6 (13) 1.384 x 10-6 (6) 

841 CAl 

0.000138 (3) 

99.999862 (3) 
(for a1'r only) 

1.380 x 10-6 

4. OO?601 gO (:l) 

4.002601BB (1) 

SO 

1969 6.941 (3) 

Element 3L1 Lithium 

1983 6.941 (2) 

32ASTl 

8.33 

91.67 

11 

6.9326 (1) 

NS 

560RDl 

7.413 (l1)e 

92.587 (11)c 

12.49 (2) 

6.9418 (1) 

NS 

47ING3 

7.386 (22)c 

92.614 (22)c 

12.54 (4) 

6.9421 (2) 

NS 

560ROl 

7.418 (11)c 

92 . 582 (11) c 

12.lIS (2) 

6.9418 (1) 

NS 

48ING4 

7.407 (33)c 

92.593 (33)c 

12.50 (6) 

6.9419 (3) 

NS 

56PACl 

7.519 (57) 

92.481 (57) 

12.3 (1) 

6.9407 (6) 

NS 

1I.002601B95 (6) 

SO 

B 

48WHl1 

7.299 (37)c 

92.701 (37)c 

12.7 (7) 

6.9429 (4) 

SO 

56WHIl 

8.12 

91 .88 

11.32 

6.9347 (1) 

NS 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 815 

Element li lithium--continued 

Mass 
no. Nuclidic mass 580MUl 58PAll 58PAll 600MUl 

6 6.0151232 7.418 (28)c 7.4239 (55)c 7.479 (28)c 7.418 (22)c 

7 7.0160045 92.582 (28)c 92.5761 (55)c 92.521 (28)c 92.582 (22)c 

Isotope ratio 7/6 12.48 (5) 12.47 (l) 12.37 (5) 12.48 (5) 

Atnmic wpioht h.Q41R (::l) n_ G41RO un Ii. tl411 (3) h_Q41R (?) 

Error NS NS 3XSD NS 

r~ass 
No. Nuclidic mass 600MU1 600MUl 60PAl1 62PUP1 

6 6.0151232 7.605 (lO)C 7.629 (10)C 7.4239 (55) 7.490 (l7)c 

7 7.0160045 92.395 (10)c 92.371 ( 10)c 92.5761 (55) 92.510 (17)e 

Isotope ratio 7/6 12.15 (1) 12.108 (10) 12.47 12.35 (3) 

Atomic weight 6.9399 (1) 6.9396 (1) 6.94170 (5) 6.9410 (2) 

I:.rror ['IS NS ::!i\SU ':)1:. 

Annotation 

Mass 
no. Nuclidic mass 62TAN2 62TAN2 62TAN2 63SHI4 

6 6.0151232 7.474 (10)c 7.474 (17)c 7.468 (10)c 7.69 (12)C 

7 7.0160045 92.526 (10)c 92.526 (7)c 92.532 (10)c 92.31 (12)c 

Isotope ratio 7/6 12.38 (l) 12.38 (3) 12.39 (1) 12.0 (2) 

Atomic weight 6.9412 (1) 6.9412 (2) 6.9413 (1) 6.939 (1) 

Error SE SE SE SO 

Annotation 

Mass 
no. Nuclidic mass 64KRA1 65SVE1 66SHI2 66SHI2 

6 6.0151232 7.587 (46)c 7.563 (28)c 7.63 (10)c 7.46 (ln c 

7 7.0160045 92.413 (46)\,; 92.437 (28) \,; 92.37 (10)\'; 92.54 (17)c 

Isotope ratio 7/6 12.18 (6) 12.22 (5) 12.1 (1) 12.4 (3) 

Atomic weight 6.9401 (5) 6.9403 (3) 6.940 (i) 6.941 (2) 

Error 3XSO SD SO SD 

Annotation C 
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816 DE BIEVRE ET AL. 

Element 3Li lithium--continued 

Mass 
no. Nuclidic mass 73FLEl 77BROl 83MICl 84ICAl 

6 6.0151232 7.68 (2)c 7.602 (37) 7.525 (29) 7.5 (2) 

7.0160045 92.32 (2)c 92.398 (37) 92.475 (29) 92.5 (2) 

Isotope ratio 7/6 12.02 (3) 12.15 12.29 (5) 12.3 

Atomic weight 6.9391 (2) 6.9399 (4) 6.9407 (3) 6.941 (2) 

Error SD 2XSD 2XSD 

AnflotelViUIl C C, B 

Element 4Be Beryllium 

1961 9.0122 1969 9. 01218 
Mass 
no. Nucl idic mass 37NIEZ 63LEI1 84ICAI 

9 9.0121825 100 100 100 

Isotope ratio 

Atomic weight 9.012182 (2) 9.012182 (2) 9.012182 (2) 

Error NS NS 

Annotation B 

Element sB Boron 

1961 10.811 (3) 1969 10.81 1983 10.811 (5) 
Mass 
no. Nuclidic mass 46!NGl 48TH01 48TH 01 500SB1 

10 10.0129380 18.83 (2) 18.98 18.45 19.57 

11 11.0093053 81.17 (2) 81.02 81.55 80.43 

Isotope ratio 11/10 4.31 4.27 4.42 4.11 

Atomic weight 10.8217 (2) 10.8202 (1) 10.8255 (1) 10 .8143 (1) 

Error NS NS NS NS 

Annotation 

Mass 
nu. Nuclidic Mel::>::> 56SHll 56SHI1 58BENl 58PAll 

10 10.0129380 19.61 19.05 19.3 (1) 19.65 

11 11.0093053 80.39 80.95 80.7 (l) 80.35 

Isotope ratio 11/10 4.10 4.25 4.18 4.09 

Atomic weight 10.8139 (1) 10.8195 (1) 10.817 (1 ) 10.8135 (1) 

Error NS NS NS NS 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 817 

Mass 
no. 

10 

11 

Nuclidic Mass 

10.0129380 

11.0093053 

Isotope ratio 11/10 

Atomi!;; weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

10 10.0129380 

11 11 .0093053 

Isotope ratio 11/10 

Atomic weight 

Error 

Annotation 

Mass 
no. 

10 

1"1 

Nuclidic mass 

10.0129380 

"11.0093053 

Isotope ratio 11/10 

Atomic weight 

Error 

Annotation 

Mass 
no. 

10 

11 

Nuclidic mass 

10.0129380 

11.0093053 

Isotope ratio 11/10 

Atomic weight 

Error 

Annotation 

Element 5B Boron--continued 

60BENl 

19.27 (13) 

80.73 (13) 

4.09 

10.817 (1) 

3XSO 

61 GORl 

19.93 

80.07 

4.017 

10.8107 (1) 

2XSO 

61 MCMl 

19.73 

BO.27 

4.068 

10.8127 (1) 

NS 

63BIEl 

20.14 (2) 

79.86 (2) 

3.965 

10.tlUtlb (t:) 

SO 

61 FIN1 

19.92 

80.08 

4.019 

10.8108 (1) 

SO 

61 GORl 

20.00 

80.00 

4.000 

10.8100 (1) 

2XSO 

61 MCMl 

19.72 

80.28 

4.072 

10.8128 (1) 

NS 

68AGYl 

19.58 (3) 

80.42 (3) 

4.108 (8) 

IU.8142 (j) 

2XSE 

61 FIN1 

19.72 

80.28 

4.070 

10.8128 (1) 

SO 

61 MCMl 

19.84 

80.16 

4.040 

10.8116 (1) 

NS 

63SHI3 

19.80 

BO.20 

4.05 

10.8120 (1) 

NS 

68AGYl 

20.05 (3) 

79.95 (3) 

3.987 (8) 

IU.8095 (3) 

2XSE 

61GOR1 

19.83 

80.17 

4.044 

10.8117 (1) 

2XSO 

61 MCMl 

19.84 

80.16 

4.040 

10.8116 (1) 

NS 

6381 El 

19.82 (3) 

80.18 (3) 

4.045 

10.8118 (3) 

SO 

69BIEl 

19.824 (20) 

80.176 (20) 

4.0444 (52) 

10.8118 (2) 

3XSO 

C 
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818 

no. Nuclidic mass 

10 10.0129380 

11 11.0093053 

Isotope ratio 11/10 

Atomic weight 

Error 

Annuto:ltiuTi 

Mass 
no. 

10 

Nuclidic mass 

10.0129380 

11 11.00g3053 

Isotope ratio 11/10 

Atomic weight 

Error 

Annotation 

1961 12.01115 (5) 

Mass 
no. 

12 

Nuclidic mass 

12. 

13 13.003354839 

Isotope ratio 12/13 

Atomic weight 

Error 

Annotation 

no. Nuclidic mass 

l? l? 

13 13.003354839 

Isotope ratio 12/13 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 58 Boron--continued 

70CATl 

19.827 (13) 

80.173 (13) 

4.0436 (33) 

10.8118 (2) 

3XSD 

C,B 

79KAN1 

19.74 (2) 

20.26 (2) 

4.066 (4) 

10.8126 (2) 

SO 

71 GENl 

19.9 (2)c 

80.1 (2)c 

4.03 (4) 

10.811 (2) 

SD 

83ICAl 

19.9 (2) 

80.1 (2) 

4.025 

10.810 (2) 

Element 6C Carbon 
1969 12.011 

37BROl 

98.927 (43)c 

1.073 (43)c 

92.2 (3.7) 

12.0108 (4) 

NS 

41MIJR2 

9R.9::!7 (?l)c 

1.063 (21}c 

93.7 (1.8) 

12.0107 (2) 

NS 

39NIE3 

98.866 (23)c 

1.134 (23)c 

87.2 (1.8) 

12.0114 (2) 

SD 

48RAN1 

9R.9::!50 (52) 

1.0650 (52) 

92.9 (5) 

12.01069 (5) 

NS 
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73NOMl 

19.85 (l)c 

80.15 (l)c 

4.039 (2) 

10.8115 (1) 

SD 

39NIE3 

98.900 (22)c 

1.100 (22)c 

89.9 (1.8) 

12.0110 (2) 

SO 

48RAN1 

98.8814 (55) 

1.1186 (55) 

88.4 (5) 

12.01122 (6) 

NS 

73TAMl 

19.83 (3)c 

80.17 (3)c 

4.042 (5) 

10.8117 (3) 

SO 

41MUR2 

98.891 (22)c 

1.109 (22)c 

89.2 (1.8) 

12.0111 (2) 

NS 

98.881 

1.119 

88.4 

12.01123 (1) 

NS 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 819 

Element 6C Carbon--continued 

no. Nuclidic mass 48RAN2 50TROl SOBECl SONI El 

12 12. 98.937 98.891 98.876 (5) 98.892 (4) 

13 13.003354839 1.063 1.109 1.124 (5) 1.108 (4) 

Isotope ratio 12/13 93.1 89.17 87.97 89.25 

Atomic weight 12.01067 (l) 12.01113 (1) 12.01128 (5) 12.01112 (4) 

Error NS NS NS P 

Annotation 

no. Nuclidic mass 51 MARl 51 MARl 51WI Cl 51 WI C1 

12 12. 98.930 (ll)e 98.878 (11)c 98.8787 (13)C 98.881 (12)C 

13 13.003354839 1.070 (11)c 1.122 (1)C 1 .1213 (13}C 1.119 (12)C 

Isotope ratio 12/13 92.5 (1.0) 88.1 (1.0) 88.18 (10) 88.36 (l0) 

Atomi C '/lei ght 12.0107 (1) 12.0113 (1) 12.01125 (11 ) 12.0112 (1) 

Error NS NS NS NS 

Annotation 

Mass 
no. Nuclidic mass 51 WI C1 51WIC2 51\\IC2 52DIB1 

12 12. 98.8824 (12)c 98.9095 (36)c 98.8777 (38)c 98.9130 (59)c 

13 13.003354839 1.1176 (12)c 1.0905 (36)c 1.1223 (38)c 1.0870 (59)c 

I~uLupe ratio 12(13 88.48 (10) 90.7 (3) tltI.1 (3) 91.0 (5) 

Atomic weight 12.01121 (1) 12.01094 (4) 12.01126 (4) 12.01091 (6) 

Error NS NS NS 2XSD 

Annotation 

Mass 
no. Nuclidic mass 52\~I Cl 52WICl 53CRAl 53CRAl 

12 12. 98.9181 (12)c 98.8912 (12)c 98.87678 (25)c 98.92658 (23)c 

13 13.003354839 1. 0819 (12) c 1.1088 (12 )c 1 .12322 (25)c 1.07342 (23)c 

Isotope ratio 12/13 91.43 (10) 89.19 (10) 88.03 (2) 92.16 (2) 

Atomic weight 12.01086 (1) 12.0111Z (1) 12.011270 (2) 12.010770 (2) 

Error !'is NS 

Annotation 
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820 

Mass 
no. Nuclidic Mass 

12 1 Z. 

13 13.003354839 

Isotope ratio 12/13 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

12 12. 

13 13.003354839 

Isotope ratio 12/13 

Atomic wei9ht 

Error 

Annotation 

Mass 
no. 

12 

13 

Nuclidic mass 

12. 

13.003354839 

Isotope ratio 12/13 

Atomic weight 

Error 

Annotation 

Mass 
No. 

12 

13 

Nuclidic Mass 

12. 

13.003354839 

Isotope Ratio 12/13 

Atomic Weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 6C Carbon--continued 

53DANl 53DANl 53DANl 

98.88691 (74)c 98.9116 (71)c 98.8982 (74)c 

1.11309 {74)c 1.0884 {71 ( 1.1018 (74)c 

88.84 (6) 90.88 (6) 88.76 (6) 

12.011168 (7) 12.01 09201 (7) 12.01105 (7) 

NS NS filS 

53WICl 53WICl 55LANl 

98.9128 (12)c 98.8746 (13)c 98.9143 (14 )c 

1.0872 (12)c 1.1254 (13)c 1.0857 (14 )c 

90.98 (10) 87.86 (10) 

12.01091 (1) 12.01129 (l) 

2XSD 

57CRAl 

98.889 (3)c 

1.111 (3)c 

89.05 (27) 

12 . Olll 5 (3) 

p 

83ICA1 

98.90 (3) 

1.10 (3) 

89.91 

12.0110 (3) 

B 

2XSD 

91.11 (12) 

12.01089 (1) 

SO 

57GAV1 

98.91892 (58)c 

1.08108 (58)c 

91.50 (5) 

12.010847 (6) 

NS 
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53DANl 

98.8885 (76)c 

1.1115 (76jC 

87.97 (6) 

12.01115 (8) 

NS 

55LANl 

98.8953 (20)c 

1.1047 (20)c 

89.52 (16) 

12.01108 (2) 

SO 

57GAVl 

98.90074 (50)c 

1.09926 (60l e 

89.97 (5) 

12.011029 (6) 

NS 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 821 

Element 7N Nitrogen 

1961 14.0067 
Mass 
no. Nuclidic mass 50NIE1 58JUN1 ~3PIL 1 63PIL 1 

14 14.003074008 99.6350 (13)c 99.63370 (40)c 99.6366 (b3)c 99.6361 

15 15.000108978 0.3650 (13)c 0.36630 (40)c 0.3634 (53)c 0.3639 

Isotope ratio 14/15 273 (l) 272.0 (3) 274.1 (4) 273.8 (4) 

Atomic weight 14.00671 (1) 14.006726 (4) l4.006697 (5) 14.00670 (5) 

Error P NS NS NS 

Annotation C, B 

Mass 
no. Nuclidic mass 63PILl 83ICAl 

14 14.003074008 99.6353 (5)c 99.634 (9) 

15 15.000108978 0.3647 (5)c 0.366 (9) 

Isotope ratio 14/15 273.2 (4) 272.2 

Atomic weight 1 4. 00671 0 (5) 14.00672 (9) 

Error NS 

Annotation 

Element 8 0 Oxygen 

1961 15.9994 1969 15.9994 (3) 
Mass 
no. Nuclidic mass 41MUR1 44TH 01 49HIB1 49HIB2 

16 15.99491464 99.7598 (74)c 99.7574 (37)c 99.770 (5) 99.775 (6) 

17 16.9991305 0.0407 (20)c 0.03920 {80)e 0.035 (9) 0.035 (8) 

18 17.99915939 0.1995 (60)c 0.2034 (5)c 0.196 (10) 0.190 (10) 

Isotope ratio 16/18, 500. (15) 490.4 (8.6) 509 525 
17/18 0.204 (8) 0.193 (5) 0.179 0.lB4 

Atomic weight 15.9993 (1) 15.99938 (5) 15.99919 (3) 15.99907 (3) 

Error NS NS SD SD 

Annotation 
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Mass 
no. Nuclidic mass 

16 15.99491464 

17 16.9991306 

18 17.99915939 

Isotope ratio 16/18, 
17/18 

Atomic weight 

Error 

Annotation 

Mass 
no. 

19 

1 961 18. 9984 

Nuclidic mass 

18.99840325 

Isotope ratio 

Atomic weight 

Error 

Annotation 

Mass 
no. 

20 

21 

22 

1961 20.183 

Nuclidic mass 

19.9924391 

21.9913837 

Isotope ratio 21/20, 
22/20 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 80 OXYGEN--continued 

50NIEl 

99.75769 (50)c 

0.03766 (10)c 

0.20465 (50)e 

487.44 (58) 
0.1840 (3) 

15.99939 (1) 

P 

50NIEl 

99.75873 (70)c 

0.03736 (50l c 

0.20391 (50)e 

489.24 (59) 
0.1832 (12) 

15.99938 (l) 

p 

76BAE1 

99.7628 (5)c 

0.0372 (4)c 

0.200045 (5) 

498.7 (2.2) 
0.1860 

15.999296 (6) 

SO 

C, B 

Element 9F Fluorine 
1971 18.99840 

20ASTl 

100 

18.9984032 (8) 

NS 

1975 18.998403 

83ICAl 

100 

18.9984032 (8) 

Element loNe Neon 
1967 20.179 (3) 

47DIB1 

90.51 (15) 

0.29 (2) 

9.21 (18) 

0.0032 
0.1018 

20.179 (3) 

SO 

1979 20.179 

49HIB2 

89.99 (3) 

0.30 (1) 

9.72 (1) 

0.0033 
0.1080 

20.1897 (4) 

SD 

50NIE2 

90.92 (4) 
0.257 (1) 

8.82 (14) 

0.002827 (6) 
0.09703 (40) 

20.1713 (8) 

3XP 
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83ICAl 

99.762 (15) 

0.038 (3) 

0.200 (12) 

498.8 
0.190 

15.9993 (3) 

58WAN1 

90.87 (9) 

0.31 (3) 

8.82 (6) 

0.0034 
0.0971 

20.172 (2) 

SO 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 823 

Element lONe Neon--continued 

Mass 
no. Nuclidic mass 65EBE1 66WALl 71 MEL1 83ICA1 

20 19.9924391 90.50 (7) 90.514 (31) 90.512 (8) 90.51 (9) 

21 20.9938453 0.268 (2) 0.266 (5) 0.267 (1) 0.27 (2) 

22 21.9913837 9.23 (7) 9.220 (29) 9.221 (6) 9.22 (9) 

Isotope ratio 21/20, 0.002959 (22) 0.002935 (58) 0.00295 0.00298 
22/20 0.10204 (83) 0.10187 (38) 0.10188 0.1019 

(for air only) 

Atomic weight:! 20.179 (1) 20.1794 (6) 20.1794 (6) 20.179 (2) 

Error 3XSE NS NS 

Annotation C C, B 

Element 11 No Sodium 
1961 22.9898 1971 22.98977 

no. Nuclidic mass 56WHIl RHr.A1 

23 22.9897697 100 100 

Isotope ratio 

Atomic weight 22.989770 (5) 22.989770 (5) 

Error NS 

Annotation 

Element 12Mg Magnesium 
1961 24.312 1967 24.305 

Mass 
no. Nuclidic mass 48HIB1 48HIB1 48WHIl 56WHIl 

24 23.9850450 78.98 (4) 78.97 (3) 78.60 (13) 78.8 (2) 

25 24.9858392 10.05 (2) 10.01 (2) 10.11 (5) 10.15 (1) 

26 25.9825954 10.97 (4) 11.02 (4) 11.29 (8) 11.06 (1) 

Isotope ratio 25/24, 0.1273 0.1268 0.1286 0.1288 
26/24 0.1389 0.1397 0.1436 0.1404 

Atomic weight 24.3048 (8) 24.3054 (7) 24.312 (2) 24.308 (3) 

I::.rror SE SE SO NS 

Annotation 
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824 DE BII:VRE ET AL. 

El ement 12Mg Magnesium--continued 

Mass 
no. Nuclidic mass 600MUl 64SHI2 64SHI2 66CATl 

24 23.9850450 78.60 (4) 78.907 (36)c 78.945 (40)c 78.992 (25) 

25 24.9858392 10.15 (3) 10.059 (36)c 10.029 (36)c 10.003 (9) 

26 25.9825954 11.31 (4) 11.034 (22)c 11.026 (28)c 11 .005 (19) 

Isotope ratio 25/24, .1291 0.12748 (5) 0.12704 (5) 0.12663 (13) 
26/24 .1439 0.13984 (5) 0.13966 (4) 0.13932 (26) 

Atomic weight 24.3123 (7) 24.3061 (5) 24.3057 (6) 24.3050 (4) 

Error NS NS NS 3XSD 

Annotation C, B 

Mass 
no. Nuclidic mass 67TAK1 70SCH1 74LEE1 77LEEl 

24 23.9850450 79.12 (8)c 78.962 (20)c 74.963 (20)C 78.962 (20)c 

25 24.9858392 9.99 (7)c 9.999 (10)c 9.999 (10)c 9.999 (10)c 

26 25.9825954 10.99 (7)c 11.039 (10)c 11.038 (11)c 11.039 (10)c 

Isotope ratio 25/24, 0.1261 (8) 0.12663 0.12663 0.12663 
26/24 0.1389 (6) O. 139805 (13) 0.139805 (13) 0.139805 (13) 

Atomic weight 24.329 (1) 24.3056 (3) 24.3056 (3) 24.3056 (3) 

Error SE 2XSD 2XSE 2XSE 

Annotation 

Mass 
no. Nuclidlc mass 1~I:.SAl l:i3ICAl 

24 23.9850450 78.962 78.99 (3) 

25 24.9858392 9.999 10.00 (1) 

26 25.9825954 11.039 11.01 (2) 

Isotope ratio 25/24, 0.12663 0.12660 
25/24 0.139805 0.13938 

Atomic weight 24.3056 (3) 24.3051 (5) 

Error 

Annotation NS 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 825 

Mass 
no. 

27 

1961 26.9815 

Nuclidic mass 

26.9815413 

Isotope ratio 

Atomic weight 

Error 

Annotation 

1951 28.086 
Mass 
no. Nuclidic mass 

28 27.9769284 

29 28.9764964 

30 29.9737717 

Isotope ratio 29/28 
30/28 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

28 27.9769284 

29 28.9764964 

30 29.9737717 

Isotope ratio 29/28 
30/28 

Atomic weight 

Error 

Annotation 

Element 13Al Aluminum 

1971 26.98154 

1969 

56WHIl 

100 

26.981541 (4) 

NS 

83 ICA1 

100 

26.981541 (4) 

Element 14Si Silicon 

28.086 (3) 1975 28.0855 (3) 

46 HlGl 46NEY1 

92.28 (8) 92.24 (10) 

4.67 (5) 4.69 (5) 

3.05 (3) 3.07 (5) 

0.0506 0.0508 
0.0330 0.0333 

28.084 (1) 28.085 (1) 

NS NS 

49HIB2 52DIB1 

92.19 (6) 92.41 (3) 

4.70 (3) 4.57 (5) 

3.12 (4) 3.01 (5) 

0.0510 0.0494 
0.0338 0.0326 

28.086 (1) 28.0827 (6) 

SO N.S 

46WIL 1 48WHIl 

92.268 (19)c 92.16 (6) 

4.678 {lS)e 4.71 (3) 

3.0541 (90l e 
3.13 (4) 

0.0507 (2) 0.0511 
0.0331 (1) 0.0340 

28.0847 (2) 28.086 (1) 

NS SE 

52NOR1 53REY1 

92.14 (20)c 92.18 (3) 

4.73 (10) 4.71 (2) 

3.13 (10) 3.12 (2) 

0.0513 0.0511 
0.034U O.033l:j 

28.087 (3) 28.0863 (5) 

tJ.S 11 
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626 

Mass 
no. Nuclidic mass 

28 27.9769284 

29 28.9764964 

30 29.9737717 

Isotope ratio 29/28 
30/28 

Atomic weight 

Error 

I\nnotation 

1961 30.9738 

no. Nuclidic mass 

31 30.9737634 

Isotope ra t i 0 

Atomic wei ght 

Error 

Annotation 

1961 32.064 (3) 
Mass 
no. Nuclidic mass 

32 31.9720718 

33 32.9714591 

34 33.96786774 

36 35.9670790 

Isotope ratio 33/32 
34/32 
36/32 

Atomic weight 

Error 

Annotation 

DE BrEVRE ET AL. 

Element 145i Si1icon--continued 

75BAR2 83ICA1 

92.22933 (155) 92.23 (1) 

4.66982 (124 ) 4.67 (1) 

3.10085 (74) 3.10 (1) 

0.050633 0.05063 
0.033621 0.03361 

28.08553 (2) 28.0855 (2) 

3XSD 

C, B 

Element 15P Phosphorus 
1971 30.97376 

63LEIl 83ICA1 

100 100 

30.973763 (4) 30.973763 (4) 

NS 

Element 16 S Sulfur 
1969 32.06 1983 32.066 (6) 

38NIE2 49HER1 49TR01 

95.061 (83)c 94.84 94.89 

0.741 (15)c 0.84 0.759 

4.183 (82)c 4.26 4.34 

0.01521 (15)c 0.05 0.0136 

0.0078 (2) 0.009 0.008 
0.044 (1) 0.045 0.0456 
a . 0001 56 (16) 0.0005 0.0001 

32.064 (2) 32.0675 (4) 32.0668 

NS NS NS 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 827 

Element l6S Su1fur--continued 

no. Nuclidic Mass 50HERI 50MACI 56BRAI 83ICAI 

32 31.9720718 95.00 (3) 95.018 95.0 95.02 (9) 

33 32.9714591 0.74 (2) 0.750 0.760 (4) 0.75 (1) 

34 33.96786774 4.24 (2) 4.215 4.22 (1) 4.21 (8) 

36 35.9670790 0.017 (3) 0.017 0.014 0.02 (1) 

Isotope ratio 33/32 0.0078 0.0079 0.008 0.008 
34/32 0.0446 0.0444 0.044 0.044 
36/32 O. 00018 0.00018 0.0001 0.0002 

Atomic weight 32.0648 (4) 32.06437 (4) 32.0663 (2) 32.064 (2) 

Error SD P NS 

Annotation B 

Element 17el Chlorine 
1961 35.453 

no. Nuclidic mass 36NIEI 55BOYI 550WEI 6lMEY1 

35 34.968852729 75.4 (2)c 75.529 (16) 75.79 (18)c 75.80 (6) 

37 36.965902624 24.6 (2)c 24.471 (16) 24.21 (18)c 24.20 (6) 

Isotope ratio 35/37 3.07 (3) 3.0865 (27) 3.13 (3) 3.132 

Atomic weight 35.460 (4) 35.4575 (3) 35.452 (4) 35.452 (1) 

Error NS SD NS SE 

Annotation 

Mass 
no. Nuclidic mass 62SHI2 83ICAI 

35 34.968852729 75.7705 (450) 75.77 (5) 

37 36.965902624 24.2295 (450) 24.23 (5) 

Isotope ratio 35/37 3 1272+0.0079 
• -0.0082 3.1271 

Atomic weight 35.4527 (9) 35.453 (1) 

Error 3XSD 

Annotation C,B 
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828 DE BIEVRE ET AL. 

Element 
1961 39.948 1969 39.948 1979 

Mass 
no. Nuclidic mass 4701Bl 

3G 3!:i.9G7~4!jGO!j 0.35 (1} 

38 37.9627322 0.08 (1) 

40 39.9623831 99.57 (3) 

Isotope ratio 36/40 0.0035 
38/40 0.0008 

Atomic Weight 39.946S (9) 

Error SO 

Annotation 

Mass 
no. Nuclidic mass 831CAl 

36 35.967545605 0.337 (3) 

38 37.9627322 0.063 (1) 

40 39.9623831 99.600 (3) 
(for air only) 

Isotope ratio 36/40 
38/40 

Atomic weight 

Error 

Annotation 

1961 39.102 
Mass 

1969 

no. Nuclidic mass 

39 38.9617079 

40 39.9639988 

41 40.9618254 

Isotope ratio 39/41 
40/41 

Atomic weiqht 

Error 

Annotation 

39.9477 (l) 

Element 
39.102 (3) 1921 

35BRE1 

91.43 (?)c 

0.0112 (2)c 

6.55 (2)c 

14.25 (3) 
0.00171 (2) 

39.0949 (4) 

NS 

J. Phys. Chern. Ref. Data. Vol. 13. No.3. 1984 

l8Ar Argon 
39.948 

50N1El 50N1El 

0.33G4!j (GO)c 0.33327 (GO)c 

0.06325 (lO)C 0.06275 (10)c 

99.60030 (60)c 99.60397 (60)c 

0.003378 (6) 0.003346 (6) 
0.000635 (1) 0.000630 (1) 

39.9·176B (2) 39.9~7S1 (2) 

P 

C, B C 

19K Potassium 
39.098 (3) 1975 39.0983 (3) 

35N1E1 48HIB1 

91.31 (1) c 9:L25 (7) 

0.0108 (11)c 0.010 (2) 

6.68 (1)c 6.75 (7) 

13.96 (1) 13.81 
0.00151 (16) 0.0015 

39.0973 (2) 39.099 (l) 

NS SE 

71 MEL 1 

0.339 (1) 

0.064 (1 ) 

99.597 (1) 

0.00340 
0.00064 

39.9~766 (3) 

NS 

1979 39.0983 

50N1E1 

93.081 (4) 

0.0119 (1) 

6.91 (4) 

13.48 (7) 
0.001725 (17) 

39.1019 (6) 

P 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 829 

mass 

39 38.9637079 

40 39.9639988 

41 40.9618254 

Isotope ratio 39/41 
40/41 

Atomic weight 

Errol' 

Annotation 

~'ass 
no. Nuclidic mass 

~9 ~8.9637079 

40 39.9639988 

41 40.9618254 

Isotope ratio 39/41 
40/41 

Atomic weight 

Error 

Annotation 

Mass 
no. 

39 

40 

41 

Nuclidic mass 

38.9637079 

39.9639988 

40_9618254 

Isotope ratio 39/41 
0/41 

Atomic weight 

Error 

Annotatior 

Element 19K·Potassium--continued 

52REUl 

93.462 (21)C 

0.0118 (1) 

6.526 (21)c 

14.32 (5) 
0.00181 (l) 

39.0939 (4) 

SE 

60OMU1 

93.19 (2) 

0.011 (1) 

6.78 (2) 

13.74 
0.001622 

39.0993 (4) 

NS 

75GARIl 

93.2581 (29) 

0.01167 (4) 

6.7302 (29) 

56REUl 

93. 126 (42) C 

0.011730 (47)c 

6.862 (43)c 

13.57 (9) 
0.001710 (2) 

39.1009 (8) 

p 

62HAR1 

93.46 (5) 

0.0115 (1) 

6.52(6) 

14.33 
0.00176 

39.094 (1) 

NS 

75IMA1 

93.29 (10)c 

0.0131 (2)c 

6.69 (8)c 

56WHIl 

93.23 (5) 

0.0118 (2) 

6.76 (5) 

13.79 
0.00175 

39.099 (1) 

NS 

62STAl 

93.423 (43)c 

0.01162 (6)c 

6:565 (4"3)c 

14.23 (10) 
0.00177 (2) 

39.0949 (8) 

NS 

80IMA1 

93.27 (30)c 

0.01157 (6)c 

6.72 (3)c 

60KENl 

93.219 (l4)c 

0.011750 (65)c 

6.770 (14)c 

13.77 (3) 
0.00174 (l) 

39;0991 (3) 

p 

68SHI1 

93.28 (10) 

0.0117 (2) 

6.70 (8) 

13.92 
0.001746 

3.9.U:J1 (2) 

SO 

83ICA1 

93.2581 (30) 

0.0117 (1) 

6.7302 (30) 

13.8566 (63) 13.94 (2) 13.877 (45) 13.857 
0.0017343 (61) O_OOlQIiIi (?7) o_001722 (9) 0.001738 

39.09829 (6) 39.095 (2) 39.098 (4) 39.09830 (6) 

3xSO so so 
C, B 
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830 DE BIEVRE ET AL. 

Element 20Ca Calcium 
1961 40.08 1983 40.078 (4) 

Mass 
no. 

40 

42 

43 

44 

46 

48 

Nuclidic mass 

39.9625907 

41. 9586218 

42.9587704 

43.9554848 

45.953689 

47.952532 

Isotope ratio 40/44 
42/44 
43/44 
46/44 
48/44 

Atomic weight 

Error 

Annotation 

Mass 
no. 

40 

42 

43 

44 

46 

Nuclidic mass 

39.9625907 

41.9586218 

42.9587704 

43.9554848 

45.953689 

48 47.952532 

Isotope ratio 40/44 
42/44 
43/44 
46/44 
48/44 

Atomic Weight 

Error 

Annotation 

38NIE2 

96.961 (GO) 

0.640 (19) 

0.1454 (48) 

2.055 (57) 

0.00330 (48) 

0.1852 (58) 

46.954 
0.310 
0.070 
0.0016 
0.090 

40.077 (2) 

NS 

64BAC1 

96.8B (5) 

0.655 (6) 

0.138 (2) 

2.12 (4) 

0.0046 (10) 

0.200 (6) 

45.70 
0.309 
0.065 
0.002 
0.094 

40.080 (2) 

SO 

J. Phys. Chern. Ref. Data, Vol. 13, No.3, 1984 

48WHI1 

9G.92 (3) 

0.64 (1) 

0.132 (4) 

2.13 (4) 

0.0032 

0.179 (1) 

45.50 
0.30 
0.06 
0.0015 
0.08 

40.079 (2) 

SO 

68SHIl 

96.87 (99)c 

0.660 (8)c 

0.136 (2)c 

2.133 (4)c 

0.0034 (l)c 

0.199 (3)c 

45.41 (60) 
0.3096 (37) 
0.0637 (9) 
0.00160 (2) 
0.0935 (12) 

40.081 (J) 

SO 

600MU1 

96.89 (4) 

0.66 (1) 

0.18 (1) 

2.03 (1.) 

0.0023 (2) 

0.23 (2) 

47.73 
0.325 
0.0887 
0.00113 
0.113 

40.081 (2) 

NS 

62STAl 

96.959 (13)c 

0.6485 (4l)c 

0.13280 (69)c 

2.0718 (B6)c 

0.003150 {34)c 

0.1850 (lnc 

46.8 (2) 
0.313 (1.5) 
0.0641 (2) 
o . 00152 (1. 5 ) 
0.0893 (4) 

40.0773 (3) 

NS 

71COLl 72MOOl 

96.8918 (200)c 96.941 (l)c 

0.6562 (J9)c 0.647 (1)c 

0.1312 (13)c 0.135 (l)c 

2.1202 (5)c 2.086 (l)c 

0.0034 (4)c 0.004 (l)c 

0.1972 (40)c 

45.70 
0.3095 (9) 
0.0619 (6) 
0.0016 (2) 
0.093 (2) 

40.0802 (3) 

NS 

0.187 (l)c 

46.480 (87) 
0.3104 (11) 
0.0648 (9) 
0.0017 (5) 
0.0898 (6) 

40.0780 (1) 

2XSD 

B 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Element 20Ca Calcium--continued 

Mass 
no. Nuclidic mass 78RUS1 80ROSl 83ICAl 

40 39.9625907 96.98213 (617)c 96.980 (1) 96.941 (13) 

42 41.9586218 0.64214 (4)c 0.648 (1) 0.647 (3) 

43 42.9587704 0.13340 (2)c 0.135 (1) 0.135 (3) 

44 43.9554848 2.05675 (13)c 2.095 (1) 2.086 (5) 

46 45.953689 0.00313 (2)c 0.003 (l) 0.004 (3) 

48 47.952532 0.18245 (4{ 0.189 (1) 0.187 (3) 

Isotope ratio 40/44 47.153 (3) 46.266 (28) 46.472 
42/44 0.31221 (2) 0.3094 (4) 0.31016 
43/44 0.06486 (1) 0.0644 (5) 0.06472 
46/44 0.00152 (1) 0.0015 (4) 0.00192 
48/44 0.08871 (2) 0.0901 (5) 0.08965 

Atomic weight 40.07629 (1) 40.0785 (1) 40.0780 (4) 

Error 2XSE 2XSD 

Annotation 

Element 21SC Scandium 
1961 44.956 1969 44.9559 

Mass 
no. Nuclidic mass 50LEL1 

45 44.9559136 100 

Isotope ratio 

Atom; c wei ght 

Error 

Annotation 

44.955914 (9) 

NS 

198::! 44.9b091 

83IACl 

100 

44.9~~914 (9) 

831 
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832 DE BIEVRE ET AL. 

Element 22Ti 11 tanium 

1961 47.90 1969 47.90 (3) 1979 47.8B (3) 
Mass 
no. Nuclidic mass 38NIE2 49HERl 49HER1 52MATl 

46 45.9526327 7.95 (15)c B.22 (13) 7.92 (7) 7.87 

47 46.9517649 7.76 (14)c 7.42 (5) 7.50 (7) 7.25 

48 47.9479467 73.45 (20)c 73.38 (11) 73.09 (13) 73.9 

49 48.9478705 5.51 (l1)c 5.56 (4) 5.90 (13) 5.56 

50 49.9447858 5.34 (l1)c 5.41 (5) 5.59 (11) 5.43 

Isotope ratio 46/48 0.1082 (22) 0.1120 0.1084 0.1065 
47/48 0.1056 (21) 0.1011 0.1026 0.0981 
49/48 0.0750 (15) 0.0758 0.0807 0.0752 
50/48 0.0727 (14) 0.0737 0.0765 0.0735 

Atomic wei ght 47.873 (4) 47.874 (3) 47.886 (3) 47.8827 (3) 

Error P 2XSD 2XSD NS 

Annotation 

Mass 
no. Nuclidic mass 54HOG1 58DRAl 68BELl 68IMAl 79HEY1 

46 45.9526327 7.99 (2) B.OO (5) 8.24 (45) 8.01 (5)c 8.0242 (27) 

47 46.9517649 7.32 (2) 7.29 (4) 7.44 (22) 7.34 (4)c 7.3362 (27) 

48 47.9479467 73.99 (7) 73.98 (8) 73.71 (18) 73.80 (8)c 73.8066 (110) 

49 48.9478705 5.46 (2) 5.38 (5) 5.43 (16) 5.49 (3)c 5.4912 (27) 

50 49.9447858 5.25 (5) 5.35 (4) 5.18 (31) 5.36 (3)c 5.3418 (27) 

Isotope ratio 46/48 0.1080 0.1081 0.1118 0.10858 0.10872 (4) 
47/48 0.0989 U.U980 U.IUU9 U.U9943 U.U994U (0) 
49/48 0.0738 0.0727 0.0737 0.07442 0.07440 (5) 
50/48 0.0710 0.0723 0.0703 0.07258 (38) 0.07238 (5) 

Atomic weight 47.875 (1) 47.876 (1) 47.87 O} 47.R77 (1) 47.R7fi::l::l (9) 

Error SO SE SO SO 3XSE 

Annotation C, B 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 833 

Element 22Ti Titanium~-continued 

Ml1ss 
no. Nuclidic mass 80NIEl 81 NIEl 83ICA1 

46 45.9526327 8.0124 7.9957 B.O (1) 

47 46.9517649 7.3309 7.3159 7.3 (1) 

48 47.9479467 73.8145 73.6765 73.8 (1) 

49 48.9478705 5.4964 5.5228 5.5 (1) 

50 49.9447858 5.3458 5.4891 5.4 (1) 

Isotope ratio 46/48 0.108548 0.10952 0.1111 
47/48 0.099315 (5) 0.09930 0.1003 
49/48 0.074463 (4) 0.07496 0.0732 
50/48 0.072422 (4) 0.07450 0.0705 

Atom1c we1ght 47.87675 (1) 47.880360 (3) 47.878 (3) 

Error 2XSD NS 

Annotation 

Element 23 V Vanadium 
1961 50.942 1969 50.9414 (3) 1977 50.9415 

Mass 
no. Nuclidic mass 49HES1 49HES1 49HES1 49HES1 

50 49.9471613 0.273 (4) 0.27 (3)c 0.27 (3)c 0.255 (4) 

51 50.9439625 99.727 (4) 99.73 (3)c 99.73 (3)c 99.745 (4) 

Isotope ratio 50/51 0.00274 (4) 0.00271 (27) 0.00268 (26) 0.00256 (4) 

Atomic weight 50.94124 (4) 50.9413 (3) 50.9413 (3) 50.94142 (4) 

Error SE SE SE SE 

Annotation 

no. Nuclidic mass 49HES1 49LEL2 50HERl 56WHIl 

50 49.94710IJ 0.253 (50)c 0.23 (1) 0.28 (2) 0.25 (1) 

51 50.9439625 99.747· (50)c 99.77 (1) 99.72 (2) 99.75 (1) 

Isotope ratio SO/51 O.OO?t;4 (5) 0.00230 0.00281 0.0025'1 

Atomic weight 50.94209 (5) 50.9417 (1) 50.9412 (2) 50.9415 (1) 

Error SE NS 2XSD NS 

Annotation 
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Element 23V '1anadium--continued 

Mass 
no. Nuclidic mass 63S'IEl 64FLEi 66FLE1 68IMAl 69BALl 

50 49.9471613 0.2497 (12)c 0.2497 (12)c 0.2497 {6)c .250 (2)c 0.2419 (30)c 

51 50.9439625 99.7503 (l2)c 99.7503 (12)C 99.7503 (6)c 99.750 (2)C 99.7581 (30)C 

Isotope ratio 50/51 0.002503 (12) 0.002503 (10) 0.002503 (6) 0.002506 (38) 0.002425 (30) 

Atomic weight 50.94147 (l) 50.94147 (1) 50.941473 (6) 50.94147 (2) 50.94155 (3) 

Error NS SE SE SO NS 

Annotation C, C 

Mass 
no. Nuclidic mass 70PEL 1 80IMAl 83ICAl 

50 49.9471613 0.2444 (17)c .2500 (3)c 0.250 (2) 

51 50.9439625 99 .756 (17) C 99. 7500 (3) c 99.750 (2) 

Isotope ratio SO/51 0.002450 (l7) 0.002506 (12) 0.002506 

Atomic WE';oht 50.94173 (2) 50.941470 (3) 50.94147 (2) 

Error NS SD 

Annotation 

Element 24 Cr Chromium 
1961 51 .996 19B3 51.9961 (6) 

Mass 
no. Nuclidic mass 39NIE2 48ING4 48WHl1 49HIB2 60FLE1 

50 49.9460463 4.49 4.51 (8) 4.31 (4) 4.41 (6) 4.352 (24) 

52 51.9405097 83.78 83.52 (30) 83.76 (14) 83.46 (11 ) 83.764 (36) 

53 52.9406510 9.43 9.55 (20) 9.55 (9) 9.54 (6) 9.509 (27) 

54 53.9388822 2..30 2.42 (4) 2.38 (2) 2. .61 (9) 2.375 (18) 

Isotope ratio ~0/~2 0.0~3G 0.0540 0.0515 0.0523 0.0520 
53/52 0.1126 0.1143 0.1140 0.1143 0.1135 
54/52 0.0275 0.0290 0.0284 0.0313 0.0283 

Atomic weight 51.9912 (3) 51.994 (3) 51.998 (l) 52.000 (2) 51.9959 (3) 

Error NS :-IS SO SO 3XSO 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Element 24Cr Chromium--continued 

50 49.9460463 4.37 (3) 4.357 (5) 4.3452 (85) 

52 51.9405097 83.86 (8) 83.760 (9) 83.7895 (117) 

53 52.9406510 9.44 (9) 9.508 (7) 9.5006 (11 0) 

54 53.9388822 2.36 (3) 2.375 (5) 2.3647 (48) 

Isotope ratio 50/52 0.0521 0.0520 0.051859 (lOO) 
53/52 0.1126 0.1135 0.113386 (145) 
54/52 0.0281 0.0284 0.028222 (48) 

Atomic weight 51.995 (1) 51 .9962 (2) 51.9961 (2) 

Error NS SE 3XSD 

Annotation C C, B 

Mass 
no. Nuclidic mass 75TAM1 83ICA1 

50 49.9460463 4.353 (4)c 4.345 (9) 

52 51.9405097 83.815 (35)c 83.789 (12) 

53 52.9406510 9.479 (33)c 9.501 (11) 

54 53.9388822 2.353 (l6)l; 2.365 (5) 

Isotope ratio 50/52 0.05194 (5) 0.0519 
53/52 0.1131 (4) 0.1134 
54/52 0.02807 (19) 0.0282 

Atomic weight 51.9955 (4) 51.9961 (2) 

Error SO 

Annotation 

Element 25Mn Manganese 
1951 54.9380 

Mass 
no. Nuclidic mass 63LEl1 83ICAl 

55 54.9380463 100 

Isotope ratio 

Atomic weight 

Error 

Annotation 

54.93805 (1) 

NS 

100 

54.93805 (1) 

4.354 (15) 4.34 (l}c 

83.803 (32) 83.80 (l)c 

9.507 (27) 9.50 (l}c 

2.336 (8) 2.36 (1)c 

0.05196 0.05186 (13) 
0.1134 0.11339 (14) 
0.02787 0.01822 (7) 

51 .9954 (4) 51.9961 (3) 

2XSD 2XSO 

835 
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1961 55.847 (3) 
Mass 
no. Nuclidic mass 

54 53.9396121 

56 55.9349393 

57 56.9353957 

58 57.9332778 

Isotope ratio 54/56 
57/56 
58/56 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

54 53.9396121 

56 55.9349393 

67 66.9363967 

58 57.9332778 

Isotope ratio 54/56 
57/56 
58/56 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

59 58.9331978 

Isotope ratio 

Atomic weight 

Error 

Annotation 

Of 61EVAE ET AL. 

Element 26 Fe Iron 

39NIE2 41 VALl 47VALl 48WHIl 

6.04 5.84 5.81 (1)c 5.81 (1) 

91.57 91.68 91. 75 (1)c 91.64 (2) 

2.11 2.17 2.15 (1)c 2.21 (1) 

0.28 0.31 0.29 (1)c 0.34 (1) 

0.066 0.0631 0.0634 0.0634 
0.023 0.0237 0.0234 0.0241 
0.003 0.0034 0.0032 0.0037 

55.8411 (3) 55.8463 (3) 55.8463 (3) 55.8479 (3) 

NS NS 

49HIB2 64CHE2 65SHI2 

5.903 (15) 5.83 (5) 5.773 (61)c 

91.52 (2) 91.75 (5) 91. 785 (65) C 

2.245 (11 ) 2.14 (2) 2.139 (27}c 

0.335 (3) 0.28 (1) 0.3029 (92)c 

0.0645 0.0635 0.0629 (7) 
0.0245 0.0233 0.0233 (3) 
0.0037 0.0035 0.0033 (1) 

55.8463 (3) 55.846 (1) 55.847 (1) 

SD NS NS 

Element 27CO Cobalt 

63LEIl 

100 

58.93320 (l) 

NS 

83ICA1 

100 

58.93320 (1) 

SE SE 

65SHI2 83ICAl 

5.818 (52)c 5.8 (1) 

91.760 (54)c 91.72 (30) 

2.129 (18)C 2.2 (1) 

0.2936 (92)c 0.28 (1) 

0.0634 (6) 0.0632 
0.0232 (2) 0.0240 
0.0032 (l) 0.0033 

55.846 (1) 55.847 (3) 

NS 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 837 

Element 28 Ni Nickel 
1961 58.71 1969 58.71 (3) 1973 58.70 1979 58.69 

Mass 
no. Nuclidic mass 41 STR1 41VAL2 44 EWA2 48ING4 

58 57.9353471 62.85 (81) 67.4 69.18 (69) 67.92 (15) 

60 59.9307890 29.51 (88) 26.7 25.82 (52) 26.22 (12) 

61 60.9310586 1. 70 (13) 1.2 0.97 (3) 1.16(2) 

62 61.9283464 4.66 (28) 3.8 3.28 (6) 3.71 (3) 

64 63.9279680 1. 27 (10) 0.88 0.75 (3) 0.98 (2) 

Isotope ratio 68/60 2.130 2.62 2.679 2.590 
61/60 0.058 0.045 0.038 0.044 
62/60 0.158 0.142 0.127 0.141 
64/60 0.043 0.033 0.029 0.037 

Atomic welght. 58.84 (2) 01:).108 (4) 58.656 (9) 58.700 (2) 

Error NS NS P NS 

Annotation 

no. Nuc1 mass 48WHI1 52MAT1 73BAR1 80MOR1 

58 57.9353471 67.76 (22) 68.0 68.274 (l)c 68.2812 

60 59.9307890 26.16 (66) 26.3 26.095 (1)c 26.0974 

61 60.9310586 1.25 (3) 1.13 1 .134 (l)c 1.1295 (8)c 

62 61.9283464 3.66 (1) 3.66 3.593 (1)c 3.5892 (10)e 

64 63.9279680 1.16 (20) 1.01 0.904 (1)c 0.9027 (8)e 

Isotope ratio 58/60 2.590 2.586 2.6164 (26) 2.6164 
61/60 0.048 0.043 0.04346 (43~ 0.04328 (3) 
62/60 0.140 0.139 0.13769 (34 0.13753 (4) 
64/60 0.044 0.038 0.03464 (35) 0.03459 (4) 

Atomic weight 58.71 (1) 58.759 (2) 58.68767 (1) 58.68735 (6) 

Error SD NS 2XSD NS 

Annotation B 
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838 DE BIEVRE ET AL. 

Element 28Ni Nickel--continued 

Mass 
no. Nuclidic mass 82SHIl 831 CAl 

58 57.9353471 68.2803 68.27 (1) 

60 59.9307890 26.0967 26.lO (1) 

61 60.9310586 1.1295 1. 13 (1 ) 

62 61.9283464 3.5878 3.59 (1) 

64 63.9279680 0.9057 0.91 (1) 

Isotope ratio 58/60 2.6164 2.615 
61/60 0.04328 0.043 
62/60 0.13748 0.137 
64/60 0.03471 0.035 

Atomic weight 56.687464 (7) 58.688 (1) 

Error NS 

Annotation 

Element 29 CU Copper 
1961 63.54 1965 63.546 1969 63.546 (3) 

Mass 
no. Nuclidic mass 44 EWAl 47BROl 47DUC1 47ING1 

63 62.9295992 69.97 (29) 69.09 69.48 (16) 69.078 (38)c 

65 64.9277924 30.03 (29) 30.91 30.52 (16) 30.921 (38)c 

Isotope ratio 63/65 2.330 (32) 2.235 2.277 (17) 2.234 (4) 

Atomic weight 63.530 (6) 63.5472 (2) 63.539 (3) 63.5468 (8) 

Error NS NS 

Annotation 

~Iass 
no. Nuclidic mass 48HES2 481NG4 481NG4 48WHIl 

63 62.9295992 69.089 (%)c 69.43 (10 )c 69.41 (10) 58.94 (19) 

55 64.9277924 30.911 (95)c 30.57 (lO)c 30.59 (10) 31.06 (19) 

Isotope ratio 63/65 2.235 (10) 2.271 (11) 2.269 2.220 

Atomic weight 63.547 (2) 63.540 (2) 63.541 (2) 53.550 (4) 

Error NS NS NS SD 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 839 

Element 29Cu Copper--continued 

Mass 
no. Nuclidic mass 50HIBl 51 SOMl 58WAll 58WAl1 

63 62.9295992 68.98 (4) 68.94 (26) 68.992 (19)c 68.799 (19)c 

65 64.9277924 31. Q2 (4) 31.06 (26) 31.008 (19)c 31.201 (19)e 

Isotope ratio 63/65 2.224 2.220 2.225 (13) 2.205 (13) 

Atomic weight 63.5494 (8) 63.550 (2) 63.5492 (4) 63.5531 (4) 

Error 2XSD NS 2XSD 2XSD 

Annot.at.ion 

Mass 
no. Nuclidic mass 62WHil fi4SHTl 6S;C:HTl 65SHll 

63 62.9295992 69.23 (19)c 69.174 (20) 68.981 (32) 69.244 (3l) 

65 64.9277924 30.77 (19)c 30.826 (20) 31.01 g (32) 30_7~fi (31) 

Isotope ratio 63/65 2.25 (2) 2.2440 (2) 2.2238 2.2514 

Atomic weight 63.544 (4) 63.5456 (4) 63.5494 (6) 63.5442 (6) 

Error NS 3XSD 3XSD 3XSD 

Annotation C, B 

Mass 
no. Nuclidic mass 67KANl 75MURl 76MUR1 83ICA1 

63 62.9295992 69.325 (98)1: 69.51 (20)c 69.164 (40)c 69.17 (2) 

65 64.9277924 30.675 (98)c 30.49 (20)c 30.836 (40)( 30.83 (2) 

Isotope ratio 63/65 2.260 (8) 2.28 (1) 2.243 (5) 2.244 

Atomic weight 63.543 (2) 63.539 (4) 63.5458 (8) 63.5456 (4) 

Error SO SO SO 

Annotation 
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840 DE BIEVRE ET AL. 

Element 30Zn Zinc 

1961 65.37 1969 65.37 (3) 1971 65.38 1983 65.39. (2) 
Mass 
no. 

64 

66 

bl 

68 

70 

Nuclidic mass 

63.9291454 

65.9260352 

66. 9t:1I2!l~ 

67.9248458 

Fig.q25~?4g 

Isotope ratio 64/67 
66/67 
68/67 
70/67 

Atomic weight 

Error 

Annotation 

Mass 
no. 

64 

66 

67 

68 

70 

Nuclidic mass 

63.9291454 

65.9260352 

66.9271289 

67.9248458 

69.9253249 

Isotope ratio 64/67 
66/67 
68/67 
70/67 

Atomic weight 

Error 

48HES2 

48.89 

27.82 

4.14 

18.54 

11.81 
6.72 
4.48 
0.15 

65.3865 (3) 

NS 

590KAl 

49.77 

27.19 

4.07 

18.54 

0.41 

12.23 
6.68 
4.56 
0.10 

65.3598 (6) 

NS 

48HES2 

48.90 

27.82 

4. II 

18.48 

0.fi23 

11.73 
6.67 
4.43 
0.15 

65.38156 (3) 

NS 

72 ROSl 

48.63 (13) 

27.90 (8) 

4.10 (3) 

18.75 (16) 

0.62 (1) 

11.86 
6.80 
4.57 
0.15 

65.396 (5) 

2XSD 

Annotation B 

1961 69.72 

Flement 3,Go GnJlilim 

1983 69.723 (4) 

no. Nuclidic mass 48ING3 48ING4 

69 

71 

68.9255809 

70.9247006 

Isotope ratio 71/69 

Atomic weight 

Error 

Annotation 

60.16 (T8)c 

39.84 (18}e 

0.6622 (50) 

69.722 (4) 

p 

... Phys. Chem. Ref. Delta, Vol. 10, No. 0,1904 

60.317 (94)c 

39.683 (94)c 

0.6579 (26) 

69.719 (2) 

p 

48LELl 

48.89 (l7)c 

27.81 (21)c 

4.07U (45{ 

18.61 (16)C 

0.620 (7)C 

12.01 (12) 
6.83 (7) 
4.57 (5) 
0.1500 (15) 

65.387 (5) 

P 

831 CAL 

48.6 (3) 

27.9 (2) 

4.1 (1) 

18.8 (4) 

0.6 (1) 

11.85 
6.80 
4.58 
0.15 

65.40 (1) 

49HIB2 

60.00 (7) 

40.00 (5) 

0.6667 

69.725 (l) 

SO 

49HIB2 

48.87 (10) 

27.62 (10) 

4.12 (9) 

18.71 (10) 

0.fi9 (2) 

11.86 
6.70 
4.54 
0.17 

65.393 (3) 

SO 

53ANTl 

60.5 (2) 

39.5 (2) 

0.6537 (65) 

69.715 (4) 

p 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Mass 
no. Nuclidic mass 

69 68.9255809 

71 70.9247006 

Isotope ratio 71/69 

Atomic weight 

Error 

Annotation 

Element 31Ga Ga11ium--continued 

72LAE1 

60.093 (18)c 

39.907 (18)c 

0.6641 (5) 

69.7234 (4) 

NS 

76LAE1 

60.078 (108)c 

39.922 (l08)c 

0.6645 (30) 

69.724 (2) 

2XSD 

c, [) 

83lCA1 

60.1 (2) 

39.9 (2) 

0.6639 

69.723 (4) 

1961 72.59 

Element 32Gc Germanium 
1969 72.59 (3) 

Mass 
no. 

70 

72 

73 

74 

76 

lIluc1irlic ml'lSs 

69.9242498 

71.9220800 

72.9234639 

73.9211788 

75.9214027 

Isotope ratio 70/73 
72/73 
74/73 
76/73 

Atomic weight 

Error 

Annotation 

Mass 
no. 

70 

72 

73 

74 

76 

Nuclidic mass 

69.9242498 

71.9220800 

72.9234639 

73.9211788 

75.9214027 

Isotope ratio 70/73 
72/73 
74/73 
76/73 

Atomic weight 

Error 

Annotation 

47HFSl 

20.55 (17) 

27.37 (15) 

7.67 (4) 

36.74 (27) 

7.67 (4) 

2.679 
3.568 
4.790 
1.000 

72.630 (6) 

NS 

51 eRAl 

20.38 (2) 

27.37 (2) 

7.78 (1) 

36.65 (2) 

7.82 (1) 

2.619 
3.518 
4.711 
1.005 

72.6382 (7) 

SD 

A9H1B1 

20.65 (4) 

27.43 (2) 

7.86 (4) 

36.34 (5) 

7.72 (1) 

2.627 
3.490 
4.623 
0.982 

72.623 (1) 

SE 

52DIB1 

20.64 (20) 

27.50 (30) 

L7'J (R) 

36.43 (30) 

7.71 (8) 

2.674 
3.562 
4.719 
0.999 

72.624 (7) 

p 

4ql11R1 

20.60 (6) 

27.38 (8) 

7.83 (6) 

36.40 (10) 

7.78 (5) 

2.631 
3.497 
4.649 
0.994 

72.628 (3) 

SE 

53REY1 

20.52 (17) 

27.43 (21) 

7.7F. (8) 

36.54 (23) 

7.76 (8) 

2.644 
3.535 
4.709 
1.000 

72.631 (6) 

p 

B 

"'lr.R~l 

20.45 (2) 

27.41 (2) 

7.77 (1) 

36.58 (2) 

7.79 (1) 

2.632 
3.528 
4.708 
1.003 

72.6341 (7) 

SD 

63SHI2 

20.807 (34)c 

27.591 (64)c 

7.615 (35)c 

36.538 (95)c 

7.449 (38)c 

2.732 
3.623 
4.798 
0.978 

72.611 (2) 

SD 

841 
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842 DE BIEVRE ET AL. 

Element 32Ge Germanium--continued 

no. Nuclidic mass 63SHI2 63SH12 83ICAl 

70 69. 924249B 20.92 21.106 (12)C 20.5 (5) 

72 71.9220800 27.58 27.670 (27) c 27.4 (6) 

73 72.9234639 7.78 7.683 (12) c 7.8 (2) 

74 73.9211788 36.20 36.091 (29)c 36.5 (7) 

76 75.9214027 7.51 7.450 (1l)c 7.8 (2) 

Isotope ratio 70/73 2.689 2.747 2.63 
72/73 3.545 3.601 3.51 
74/73 4.553 4.698 4.68 
76/73 0.965 0.970 1.00 

Atomic weight 72.6062 (5) 72.5968 (6) 72.63 (2) 

Error SO SO 

Annotat1on 

El~llIer't 33A~ Arserlic 

1961 74.9216 
Mass 
no. Nuclidic m:lSS 63lEIl 83ICAl 

75 74.9215955 100 100 

Isotope ratio 

Atomic weight 74.92160 (2) 74.92160 (2) 

Error NS 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 843 

Element 34Se Selenium 
1961 78.96 1969 78.96 (3) 

Mass 
no. Nuclidic mass 48WHIl 48WHIl 48WHIl 49HIB2 

74 73.9224771 0.86 (13) 0.88 (1) 0.87 (1) 0.96 (3) 

76 75.9192066 9.08 (9) 8.95 (3) 9.02 (7) 9.12 (3) 

77 76.9199077 7.51 (75) 7.65 (3) 7.58 (7) 7.50 (14) 

78 77.9173040 23.54 (24) 23.51 (11) 23.52 (2) 23.61 (5) 

80 79.9165205 50.02 (50) 49.62 (14) 49.82 (20) 49.96 (21) 

82 1:l1.!Hb/U9 8.99 (9) 9.39 (9) 9.19 (20) 8.84 (8) 

Isotope ratio 74/78 0.037 0.037 0.037 0.041 
76/78 0.386 0.381 0.384 0.386 
77/78 0.319 0.325 0.322 0.318 
80/78 2.125 2.111 2.118 2.116 
82/78 0.382 0.399 0.391 0.374 

Atomic weight 78.99 (2) 78.995 (3) 78.990 (7) 78.974 (6) 

Error SE SE SE SD 

Annotation B 

no. Nuclidic mass 83ICA1 

74 73.9224771 0.9 (1) 

76 75.9192066 9.0 (2) 

77 76.9199077 7.6 (2) 

78 77.9173040 23.6 (6) 

80 79.9165205 49.7 (7) 

82 81.916709 9.2 (5) 

Isotope ratio 74/78 0.038 
76/70 0.303 
77/78 0.323 
80/78 2.111 
82/78 0.400 

Atomic weight 78.99 (2) 

Error 

Annotation 
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844 

1961 79.909 (2) 

no. 

79 

81 

Nuclidic mass 

78.9183361 

80.916290 

Isotope ratio 79/81 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuc) idic mass 

79 78.9183361 

81 80.916290 

Isotope ratio 79/81 

Atomic weight 

Error 

Annotation 

1961 83.80 
Mass 
no. 

78 

80 

B2 

83 

84 

86 

Nucl idie mass 

77.920397 

79.916375 

81.913483 

82.914134 

83.9115064 

85.910614 

Isotope ratio 78/84 
80/84 
82/84 
83/84 
86/84 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 35Br Bromine 
1965 79.904 

36BLE1 

50.6 (6) 
49.4 (6) 

1.026 (26) 

79.91 (l) 

NS 

55CAM2 

50.5367 (49) 

49.4633 (49) 

1.0217 (2) 

79.9066 (1) 

2XSD 

46WIL 1 

50.53 (10) c 

49.47 (10)c 

1.021 (4) 

79.907 (2) 

NS 

64CATl 

50.686 (47) 

49.314 (47) 

1.02784 (190) 

79.9036 (9) 

3XSD 

C, B 

48WHI1 

50.51 (50) 

49.49 (50) 

1.021 

79.91 (1) 

SO 

831CAl 

50.69 (5) 

49.31 (5) 

1.028 

79.904 (1) 

Element 36Kr Krypton 

47DIBl 

0.36 (1) 

2.25 (2) 

11.57 (4) 

11 .44 (3) 

57.14 (3) 

17.24 (5) 

0.0063 
0.039 
0.202 
0.200 
0.302 

83.799 (2) 

SO 

47LOU1 

0.343 (3) 

2.233 (9) 

11 .510 (40) 

11.490 (30) 

57.000 (90) 

17.420 (30) 

0.0060 
0.039 
0.202 
0.202 
0.306 

83.805 (1) 

SE 

47LOUl 

0.341 (3) 

2.223 (2) 

11.490 (10) 

11 .470 (20) 

57.040 (40) 

17.440 (30) 

0.0060 
0.039 
0.201 
0.201 
0.306 

83.8069 (7) 

SE 

J. Phys. Chern. Ref. Data, Vol. 13, No.3, 1984 

49HIB2 

50.57 (n 
49.43 (6) 

1.023 

79.906 (1) 

SO 

50NIE2 

0.354 (2) 

2.27 (1) 

11 .56 (2) 

11.55 (2) 

56.90 (10) 

17.37 (2) 

0.0062 
0.040 
0.203 
0.203 
0.305 

83.8006 (7) 

3XP 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 845 

Element 36Kr Krypton--continued 

no. Nuclidic mass 

78 77 .920397 0.353 (1) 0.353 (5)c 0.355 (1) 

80 79.916375 2.29 (1) 2.264 (19)c 2.256 (7) 

82 81.913483 11.58 (l) 11. 590 (52) c 11.553 (9) 

83 82.914134 11.51 (2) 11.538 (50)e 11.536 (9) 

84 83.9115064 56.95 (4) 56.929 (60)c 56.982 (10) 

96 85.910614 17.31 (3) 17.325 (50)c 17.318 (9) 

Isotope ratio 78/84 0.0062 0.0062 0.0062 
80/84 0.040 0.040 0.0396 
82/84 0.203 0.204 0.2027 
83/84 0.202 0.203 0.2024 
86/84 0.304 0.304 0.3039 

Atomi c wei ght 83.7988 (8) 83.800 (2) 83.8004 (4) 

Error NS SD NS 

Annotation 

Mass 
no. Nuclidic mass 73WALl 831 CAl 

78 77 .920397 0.360 (4) 0.35 (2) 

80 79.916375 2.277 (4) 2.25 (2) 

82 81.913483 11.58 (1) 11.6 (1) 

83 82.914134 11.52 (1) 11.5 (1) 

84 83.9115064 56.96 (1) 57.0 (3) 

86 85.910614 17.30 (1) 17.3 (2) 

Isotope ratio 78/84 0.0063 0.0061 
80/84 0.0400 0.039 
82/84 0.2033 0.203 
83/84 0.2022 0.202 
86/84 0.3037 0.304 

Atomic weight 83.7985 (4) 83.800 (5) 

Error P 

Annotation B 
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846 

1961 85.47 

Mass 
no. 

85 

87 

Nuclidic mass 

84.9117996 

86.9091836 

Isotope ratio 85/87 

Atomic weight 

Error 

Annotation 

Mass 
no. 

85 

Nuclidic mass 

84.9117996 

87 86.9091836 

Isotope ratio 85/87 

Atomi, weight 

Error 

Annotation 

Mass 
no. 

85 

Nuclidic mass 

84.9117996 

87 86.9091836 

Isotope ratio 85/87 

Atomi, weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 37Rb Rubidium 
1969 85.4678 (3) 

38BREl 

72.299 (77)(; 

27.701 (77)' 

2.61 (1) 

85.465 (2) 

NS 

53HER1 

72 • 1 53 (23) c 

27.847 (23)c 

2.591 (3) 

85.4680 (5) 

NS 

63SHIl 

72.243 (38)c 

27.757 (38}c 

2.6027 (49) 

85.4662 (8) 

SO 

48PAUl 

72.53 (23)(. 

27.47 (23)' 

2.64 (3) 

85.460 (5) 

3XSD 

56PAC1 

72.603 (75) 

27.397 (75) 

2.65 (1) 

85.459 (1) 

NS 

63SHIl 

72.183 (38)' 

27.817 (38)' 

2.5949 (49) 

85.4674 (8) 

SO 

50NIE2 

72.18 (14)(; 

27.82 (14)c 

2.595 (6) 

85.467 (3) 

P 

600MU1 

72.1 (1)' 

27.9 (l)c 

2.58 (1) 

85.469 (2) 

NS 

69CATl 

72.1654 (132) 

27.8346 (132) 

2.59265 (770) 

85.4678 (3) 

3XSO 

C, B 

J. Phyo. Chem. Raf. Data, Vol. 13, No.3, 1984 

50NIE2 

72.137 (93) c 

27.863 (93)' 

2.589 (4) 

85.468 (2) 

P 

63SHl1 

72.218 (12)' 

27.782 (12)c 

2.5995 (15) 

85.4667 (2) 

3XSO 

83ICAl 

72.165 (13) 

27.835 (13) 

2.5926 

85.4678 (3) 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 847 

1961 87.62 
Mass 
no. 

84 

86 

87 

88 

Nucl idi c mass 

83.913428 

85.9092732 

86.9088902 

87.9056249 

Isotope ratio 84/86 
87/86 
tlts/tsb 

Atomic wei ght 

Error 

Annotation 

Mass 
no. 

84 

86 

87 

88 

Nuclidic mass 

83.913428 

85.9092732 

86.9088902 

87.9056249 

Isotope ratio 84/86 
87/86 
88/86 

Atomic weight 

Error 

Annotation 

Mass 
no. 

84 

86 

87 

88 

Nuclidic mass 

83.913428 

85.9092732 

86.9088902 

87.9056249 

Isotope ratio 84/86 
87/86 
88/86 

Atomic weight 

Error 

Annotation 

Element 38Sr Strontium 

38NIEl 

0.561 (ll)c 

9.858 (90)c 

7.018 (66)c 

82.56 (10)c 

0.057 
0.712 
tI.J7!:l 

87.617 (2) 

P 

54HERl 

0.55 

9.76 

6.94 

82.75 

0.056 
0.711 
8.478 

87.6197 (4) 

SO 

54HERl 

0.57 

9.87 

7.01 

82.56 

0.058 
0.710 
8.365 

87.6159 (4) 

SD 

48WHIl 

0.55 (8) 

9.75 (10) 

6.96 (7) 

12.74 (83) 

0.056 
0.714 
B.IIB6 

87.620 (4) 

P 

54HERl 

0.56 

9.81 

6.94 

82.69 

0.057 
0.707 
8.429 

87.6183 (4) 

SD 

56AKIl 

0.58 (6) 

9.99 (2) 

7.14 (25) 

82.29 (62) 

0.058 
0.715 
8.237 

87.612 (3) 

NS 

53ALOl 

0.553 (41) 

9.866 (23) 

7.018 (31) 

82.563 (48) 

0.056 
0.711 
B.368 

87.617 (2) 

SE 

54HERl 

0.5608 (82) 

9.946 (23) 

7.019 (31) 

82.472 (35) 

0.0564 
0.7057 
8.292 

87.6147 (6) 

SO 

58PINl 

0.561 (16) 

9.872 (23) 

7.029 (25) 

82.538 (33) 

0.0568 
0.712 
8.361 

87.6161 (7) 

SO 

54HERl 

0.471 (58) 

9.892 (53) 

6.923 (54) 

82.713 (83) 

0.048 
0.700 
8.362 

87.620 (2) 

SD 

54HERl 

0.55 

9.91 

7.01 

82.52 

0.055 
0.707 
8.327 

87.6160 (4) 

sn 

58PIN1 

0.561 (16) 

9.850 (23) 

7.023 (25) 

82.565 (33) 

0.0570 
0.713 
8.382 

87.6166 (7) 

so 
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Mass 
no. Nuc1 idic mass 

84 83.913428 

86 85.9092732 

87 86.9088902 

88 87.9056249 

Isotope ratio 84/86 
87/86 
88/86 

Atomic weight 

Error 

Annotation 

1961 88.905 
Mass------------- -

no. Nuclidic mass 

89 88.9058560 

Isotope ratio 

Atomic weight 

Error 

Annotation 

1961 91.22 

Mass 
no. Nuclidic mass 

90 89.9047080 

91 90.9056442 

92 91.9050392 

94 93.9063191 

96 95.908272 

Isotope ratio 90/92 
91/92 
94/92 
q6/92 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 3SSr Strontium--continued 

58PIN1 600MU1 82M001 

0.56 0.60 (1) 0.55738 (155) 

9.87 9.75 (1) 9.85659 (337) 

7.01 7.07 (1) 7.00152 (263) 

82.56 82.58 (3) 82.58451 (657) 

0.057 0.0061 0.056549 (143) 
0.7012 0.7241 0.710339 (261) 
8.365 8.470 8.37861 2 (3248) 

87.6164 (4) 87.6166 (4) 87 .616814 (117) 

SO NS 3XSD 

C, B 

Element 39Y Yttrium 
1969 88.9059 

1903 

56HESl 

100 

88.90586 (2) 

NS 

Element 
91.224 {2} 

48WHIl 

51.46 (51) 

11.23 (11 ) 

17.11 (17) 

17.40 (17) 

2.80 (3) 

3.008 
0.656 
1.017 
0.164 

91.224 (8) 

SO 

57COLl 

100 

88.90586 (2) 

NS 

83lCAl 

100 

88.90586 (2) 

40Zr Zirconium 

49HINl 58DRAl 

51.7 51.12(11) 

10.8 11 .22 (5) 

17.1 17.40 (4) 

17.5 17.57 (4) 

2.9 2.79 (10) 

3.023 2.938 
0.632 0.645 
1.023 1.010 
0.170 0.160 

91.229 (6) 91.326(5) 

NS SO 

J. Phys. Chern. Ref. Data, Vol. 13, No.3, 1984 

83ICAl 

0.56 (1) 

9.86 (1) 

7.00 (1) 

82.58 (1) 

0.0568 
0.7099 
8.375 

87.6167 (4) 

63MUR1 

51.50 (7)c 

11.223 (71)c 

17 .10 OO)c 

17.38 (10)c 

2.799 (l9)c 

3.011 
0.656 
1.016 
0.164 

91.222 (4) 

2XSD 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Element 40Zr Zirconium--continued 

no. Nuclidic mass 78SHI2 81 MINl 83NOMl 

90 89.9047080 51.449 (59) 51 444 +0.085 
· -0.025 

51.452 (9)c 

91 90.9056442 11.320 (15) 11 214 +0. 008 
• -0.004 

11.223 (12)c 

92 91.9050392 17.189 (21) 17 1 50 +0. 008 
• -0.017 17.146 (7)c 

94 93.9063191 17.283 (21) 17 393 +0.016 
· -0.057 

17 . 380 (12) c 

96 96.908272 2.759 (4) 2 798 +0.008 
· -0.019 

2.799 (5)c 

Isotope ratio 90/92 2.993 3.000 3.0008 (12) 
91/92 0.659 0.654 0.6546 (7) 
94/92 1.005 1.014 1 .0137 (12) 
96/92 0.161 0.163 0.1632 (8) 

Atomic weight 91.219 (1) 91.224 (2) 91.2235 (4) 

Error Sf} P nsn 

Annotation C C, B 

Element 41Nb Niobium 
1961 92.906 1969 92 • 9064 

Mass 
no. Nuclidic mass 56WHIl 

93 92.9063780 100 

Isotope ratio 

Atomic weight 

Error 

Annotation 

92.90638 (2) 

NS 

83ICA1 

100 

92.90638 (2) 

83ICAl 

51.45 (2) 

11.22 (2) 

17.15 (1) 

17.38 (2) 

2.80 (1) 

2.9965 
0.6564 
1.0093 
0.1619 

91.221 (6) 

849 
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Element 42 Mo f10lybdenum 

1961 95.94 1969 95.94 (3) 1975 95.94 
Mass 
no. Nuclidic mass 39MATl 40VALl 46WILl 46WILl 

92 91.906809 15.51 (14) 14.9 (2) 15.83 (16) 15.84 (16) 

94 93.9050862 8.69 (12) 9.40 (9) 9.102 (91) 8.972 (90) 

95 94.9058379 16.27 (12 ) 16.1 (2) 15.76 (16) 15.68 (16) 

96 95.9046755 16.83 (12 ) 16.6 (2) 16.54 (16) 16.51 (17) 

97 96.9060179 8.73 (12 ) 9.65 (10) 9.481 (94) 9.473 (95) 

98 97.9054050 25.423 (82) 24.1 (2) 23.70 (24) 23.86 (24) 

100 99.907473 8.54 (12) 9.25 (l0) 9.576 (91) 9.664 (97) 

Isotope ratio 92/96 0.922 0.898 0.957 0.959 
94(96 0.516 0.566 0.550 0.543 
95/96 0.967 0.970 0.953 0.950 
97/96 0.519 0.581 0.573 0.574 
98/96 1.511 1.452 1.433 1.446 

100/96 0.507 0.557 0.579 0.585 

Atomic weight 95.887 (8) 95.91 (1) 95.885 (9) 95.894 (9) 

Error N~ f' P P 

Annotation 

Mass 
no. Nucl i die Mass 49HIB2 60OMU1 63MUR1 64CROl 64WETl 

92 91.906809 15.05 (1) 15.75 (20) 14.779 (81) 14.739 (27) 14.826 (48)c 

94 93.9050862 9.35 (1 ) 9.21 (9) 9.184 (56) 9.107 (43) 9.243 (32)c 

95 94.9058379 15.78 (4) 15.91 (7) 15.931 (88) 15.918 (43) 15.908 (48)c 

96 95.9046755 16.56 (4) 16.38 (11) 16.699 (88) 16.713 (61) 16.720 (48)c 

97 96.9060179 9.60 (1) 9.44 (2) 9.530 (57) 9.476 (63) 9.561 (32)c 

98 97.9054050 24.00 (3) 23.67 (6) 24.28 (12) 24.421 (99) 24.165 (79)c 

100 99.907473 9.68 (1) 9.56 (5) 9.597 (57) 9.625 (71) 9.577 (32)c 

Isotope ratio 92/96 0.909 0.961 0.885 0.882 0.887 
94/96 0.565 0.562 0.550 0.545 0.553 
95/96 0.953 0.971 0.954 0.952 0.951 
97/96 0.580 0.576 0.571 0.567 0.572 
98/96 1.449 1.445 1.454 1.461 1.445 

100/96 0.585 0.584 0.575 0.576 0.573 

Atomic weight 95.9118 (9) 95.883 (8) 95.936 (5) 95.943 (4) 95.931 (3) 

error so so 2XSO SD SE 

Annotation 
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no. 

92 

94 

95 

96 

97 

9B 

100 

Nuclidic mass 

91.906809 

93.9050862 

94.9058379 

95.9046755 

96.9060179 

97.9054050 

99.907473 

Isotope ratio 92/96 
94/96 
95/96 
97/96 
98/96 

100/96 

Atomic weight 

Error 

Annotation 

1961 101.07 
~lass 
no. Nuclidic mas~ 

96 95.907596 

99 98.9059371 

100 99.9042175 

101 100.9055808 

102 101. 9043475 

104 103.905422 

Isotope ratio 96/100 
98/100 
99/100 

101/100 
102/1 00 
104/100 

Atomic weight 

Error 

Annotat1on 

Element 42Mo Mo1ybdenum--continued 

72STE1 

14.83 

9.25 

15.92 

16.67 

9.55 

24.14 

9.63 

0.B90 
0.555 
0.955 
0.573 
1.448 
0.578 

95.9319 (6) 

2XSD 

74M001 75TAM1 

14.8362 (148) 14.827 (12)c 

9.2466 (92) 9.239 (17)c 

15.9201 (159) 15.922 (22)c 

16.6756 (167) 16.683 (22)c 

9.5551 (96) 9.557 (15)c 

24.1329 (241) 24.143 (43)c 

9.6335 (96) 9.629 (8l c 

0.8897 
0.5543 
0.9545 
0.5730 
1.4472 
0.5775 

95.9318 (9) 

2XSD 

B 

0.8888 (8) 
0.5538 (10) 
0.9544 (13) 
0.5729 (9) 
1.4472 (26) 
0.5772 (5) 

95.932 (1) 

SD 

Element 44Ru Ruthenium 

81MIN1 

14.83 (3)c 

9.27 (5)c 

15.90 (3)c 

16.67 (3)c 

9.53 (2)c 

24.13 (5)c 

9.63 (2)c 

0.8900 (18) 
0.5561 (38) 
0.9538 (24) 
0.5740 (19) 
0.4486 (44) 
0.5779 (11) 

95.932 (2) 

NS 

83ICA1 

14.84 (4) 

9.25 (2) 

15.92 (4) 

16.68 (4) 

9.55 (2) 

24.13 (6) 

9.63 (2) 

0.890 
0.555 
0.954 
0.573 
1.447 
0.577 

95.931 (2) 

1969 101.07 (3) 1983 101.07 (2) 

44EWA1 

5.68 (17) 

2.22 (9) 

12.81 (19) 

1? .70 (lq) 

16.98 (25) 

31.34 (47) 

18.27 (27) 

0.447 
0.175 
1.009 
1.337 
2.468 
1.439 

101 .03 (1) 

P 

53FRIl 

5.50 

1.91 

12.70 

12.69 

17.01 

31.52 

lB.67 

0.443 
0.150 
1.001 
1.340 
2.4B4 
1.471 

1 01 . 0672 ( 7) 

NS 

548AL1 

5.47 (3) 

1.84 (2) 

12.77 (5) 

12.56 (5) 

17.10 (6) 

31.70 (6) 

18.56 (5) 

0.436 
0.146 
1.017 
1.361 
2.524 
1 .478 

101.069 (3) 

NS 

56WHIl 

5.57 (8) 

1.86 (4) 

12.7 (1) 

12.6 (1) 

17.1 (1) 

31.6 (2) 

lB.5 (1) 

0.442 
0.148 
1.00B 
1.357 
2.50B 
1.468 

101.062 {6} 

NS 
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Mass 
no. Nuclidic mass 

96 95.907596 

98 97.905287 

99 98.9059371 

100 99.9042175 

101 100.9055808 

102 101.9043475 

104 103.905422 

Isotope ratio 96/100 
98/100 
99/100 

101/100 
102/1 00 
104/100 

Atomi c wei ght 

Error 

Annotation 

1961 102. 905 

no. Nuclidic mass 

103 102.905503 

Isotope ratio 

Atomic weight 

Error 

Annotation 

DE alEVRE ET AL. 

Element 44Ru Ruthenium--continued 

70TAKl 76DEV1 831 CAl 

5.52 5.52 (1) 5.52 (5) 

1.87 1.86 (1) 1.88 (5) 

12.67 12.74 (2) 12.7 (1) 

12.60 1.2.60 (2) 12.6 (1) 

17.09 17.05 (1) 17.0 (1) 

31.55 31.b/ (3) 31.b (2) 

18.71 18.66 (3) 18.7 (2) 

0.438 0.438 0.438 
0.148 0.148 0.149 
1.006 1.011 1.008 
1.356 1.353 1.349 
2.503 2.506 2.508 
1.485 1.481 1.484 

101.0805 (7) 101.068 (l) 101.070 (7) 

NS SO 

B 

Element 45Rh Rhodium 
1967 102.9055 

63LEIl 

100 

102.90550 (2) 

NS 

83ICAl 

100 

102.90550 (2) 
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Element 46 Pd Palladium 
1961 106.4 1919 106.42 

Mass 
no. Nuclidic mass 53SITl 1BKEl1 7BSHll B1MERl B3ICAl 

102 101.905609 0.96 1.013 (l)c 1.020 (B) 1.040 (2)c 1.020 (12) 

104 103.904026 10.97 11.0B9 (2)c 11.14(5) 11 .261 (8)c 11.14 (8) 

105 104.905075 22.23 22.317 (3)c 22.33 (5) 22.518 (l6)c 22.33 (8) 

106 105.903475 27.33 27.288 (5}c 27.33 (2) 27.314 (14)c 27.33 (5) 

108 107.903894 26.71 26.534 (6)C 26.46 (6) 26.292 (14}c 26.46 (9) 

110 109.905169 11 .81 11 .759 (2)c 11.72 (6) 11.515 (8)c 11.72 (9) 

Isotope ratio 102/104 0.0875 0.09132 (5) 0.0916 0.092381 (82) 0.0916 
105/1 04 2.0264 2.01245 (29) 2.0045 1.99967 (30) 2.0045 
106/104 2.4913 2.46077 (46) 2.4533 2.43085 (61) 2.4533 
108/104 2.4348 2.39279 (57) 2.3752 2.58997 (53) 2.3752 
11 0/104 1.0766 1.06040 1 .0521 1.02255 (29) 1.0521 

Atomic weight 106.4307 (7) 106.4198 (l) 106.415 (3) 106.3987 (5) 106.415 (4) 

Error NS 2XSE 2XSD 2XSE 

Annotation C, B 

Element 47 Ag Si 1 ver 
1961 107.870 (3) 1965 107.868 19B1 107.B6B2 (3) 

Mass 
no. Nuclidic mass 48PAU1 48WHIl 57HESl 57HESl 

107 106.905095 51.92 (14)c 51.35 (7) 51.99 (46)c S1.90 (3S)c 

109 108.904754 48.08 (l4)c 48.65 (7) 48.01 (46)c 48.10 (3S)c 

Isotope ratio 101/109 1.080 (6) 1.055 1.083 (20) 1.079 (15) 

Atomic weight 107.867 (3) 107.878 (1) 107.865 (9) 107.867 (7) 

Error 3XSO SE SE SE 

Annotation 

Mass 
no. Nuc1 idic mass 57HES1 59CR01 59CR01 60MUR1 

107 106.905095 52.02 (35)c 52.015 (46)c 52.036 (6)c 51.830 (46)c 

109 10B.904754 47.98 (35)c 47.985 (46)c 47.964 06l c 48.170 (46)c 

Isotope ratio 107/109 1.0B4 (15) 1.084 (2) 1.0849 (7) 1.076 (2) 

Atomic weight 107.865 (7) 107.8646 (9) 107.8642 (3) 107.8683 (9) 

Error NS SD SO P 

Annotation 
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Element 47Ag Silver--continued 

Mass 
no. Nuclidic mass 60MURl 60SHIl 62CROl 62MURl 

107 106.905095 51.737 (46)c 51.818 (30)c 51.77 (10)c 51.597 (46)c 

109 108.904754 48.263 (46)c 48.182 (30)c 48.23 (lO)c 48.403 (46)c 

Isotope ratio 107/109 1.072 (2) 1.07547 (130) 1.0733 (43) 1.066 (2) 

Atomic weight 107.8702 (9) 107.8686 (6) 107.870 (2) 107.8730 (9) 

Error P 3XSO 3XSO SO 

Annotation C C 

Mass 
no. Nuclidic mass fi?MURl 62MURl 62SHIl SlMURl 

107 106.905095 51.503 (49)c 51.527 (49)c 51 .830 (26)c 52.07 (2) 

109 108.904754 48.496 (49)c 48.473 (4Q)C 4R.170 (?fi)c 47.93 (2) 

Isotope ratio '07IT09 1.062 (2) 1.063 (2) 1.07597 (135) 1.0864 

Atomic. weight 107.87 (1) 107.874 (1) 107.8683 (5) 107.8635 (4) 

Error SO SO 3XSO NS 

Annotation 

Mass 
no. Nuclidic mass 82POW1 83CHEl 83ICAl 

107 106.905095 51 .839170 (5057) 51.948 (9)c 51.839 (5) 

109 108.904754 48.160830 (5057) 48.052 (9)c 48.161 (5) 

Isotope ratio 107/109 1.07638 (135) 1.0811 (17) 1.07637 

Atomic weight 107.8681 (1) 107.8660 (2) 107.8682 (1) 

Error 3XSD 2XSD 

Annotation C, B 
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1961 112.40 

no. Nuclidic mass 

106 105.906461 

108 107.904186 

110 109.903007 

III 110.904182 

112 111.9027614 

113 112.9044013 

114 113.9033607 

116 115.904758 

Isotope ratio 106/112 
108/112 
11 0/112 
111/112 
113/112 
114/112 
116/112 

Atomic weight 

Error 

Annotntion 

Mass 

1975 112.41 

48EWAI 

1.2 

0.7 

12.8 

13.0 

24.2 

12.2 

28.9 

7.0 

0.050 
0.029 
0.529 
0.537 
0.504 
1.194 
0.289 

112.398 (9) 

NS 

no. Nuclidic mass 58PAl1 

106 105.906461 1.240 (15) 

108 107.904186 0.871 (9) 

110 109.903007 12.32 (7) 

III 110.904182 12.67 (7) 

112 111.9027614 24.15 (12) 

113 112.9044013 12.21 (3) 

114 113.9033607 28.93 (20) 

116 115.904758 7.61 (8) 

Isotope ratio 106/112 
108/112 
11 0/112 
lll/112 
113/112 
114/112 
116/112 

Atomic Weight 

Error 

Annotation 

0.0513 
0.0361 
0.5101 
0.5246 
0.5056 
1.1979 
0.3151 

112.426 (5) 

SO 

Element 48Cd Cadm1um 

48LEL1 

'.215 (12)c 

0.875 (10)c 

12.39 (12)c 

12.75 (12)c 

24.07 (l9)e 

12.26 (12)c 

28.86 (10)c 

7.58 (3)c 

0.0505 (5) 
0.0364 (4) 
0.5147 (51) 
0.5297 (53) 
0.5093 (51) 
1.1990 (120) 
0.3182 (32) 

112.423 (4) 

p 

48WHll 

1.22 (1) 

0.98 (1) 

12.35 (4) 

12.78 (4) 

24.00 (10) 

12.30 (4) 

28.75 (20) 

7.63 (4) 

0.0508 
0.0408 
0.5146 
0.5325 
0.5125 
1.1979 
0.3179 

112.420 (4) 

P 

75ROS1 70MUR1 OOROS1 

1. 25 (l) 

0.894 (6) 

12.51 (5) 

12.81 (4) 

24.13 (7) 

12.22 (4) 

28.71 (10) 

7.47 (5) 

C.OS10 
0.0370 
0.5184 
0.5309 
0.5064 
1.1898 
0.3096 

112.410 (4) 

2XSO 

C 

1.27 (2) 

0.90 (2) 

12.48 (15) 

12.85 (15) 

24.07 (8) 

12.26 (7) 

28.70 (8) 

7.47 (8) 

0.0528 
0.0372 
0.5186 
0.5342 
0.5093 
1.1926 
0.3106 

112.408 (6) 

NS 

1.25 (2) 

0.89 (1) 

12.49 (6) 

12.80 (4) 

24.13 (7) 

12.22 (4) 

28.73 (21) 

7.49 (6) 

0.0518 
0.0369 
0.5176 
0.5305 
0.5305 
0.5064 
1 .1906 

112.412 (4) 

B 

49HIB2 

'.7'2 (l} 

0.89 (2) 

12.43 (4) 

12.86 (4) 

23.79 (6) 

12.34 (5) 

28.81 (7) 

7.66 (3) 

0.0513 
0.0374 
0.5225 
0.5406 
0.5187 
1 .2110 
0.3220 

112.424 (2) 

SO 

83ICA1 

1.25 (3) 

0.89 (1) 

12.49 (9) 

12.80 (6) 

24.13 (II) 

12.22 (6) 

28.73 (21) 

7.49 (9) 

0.0518 
0.0369 
0.5176 
0.5305 
0.5064 
1.1906 
0.3104 

112.412 (5) 
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Element 49 In Indium 
1961 114.82 

no. Nuclidic mass 48WHIl 49HIB2 56WHll 83ICAl 

113 112.904056 4.23 (3) 4_1 fi (1) 4.33 (4) 4.3 (2) 

115 114.903875 95.77 (3) 95.84 (1) 95.67 (4) 95.7 (2) 

Isotope ratio 113/115 0.04417 0.04341 0.04526 0.04493 

Atomic weight 114.8193 (6) 114.8207 (2) 114.8173 (8) 114.818 (4) 

Error SE SO NS 

Annotation B 

Element 50Sn Tin 
1961 118.69 1969 118.69 (3) 1983 118.710 (7) 

~lass 
no. Nuclidic mass 48HINl 48WHIl 4~HHl2 

112 111.904823 0.94 (2) 0.900 (3) 1.01 (3) 

114 113.902781 0.65 (3) 0.61 (1) 0.68 (1) 

115 114.9033441 0.33 (2) 0.350 (6) 0.35 (3) 

116 115.9017435 14_36 (4) 14_07 (R) 14.28 (1) 

117 116.9029536 7.51 (4) 7.54 (3) 7.67 (5) 

118 117 ; 9016066 24.21 (7) 23.98 (3) 23.84 (8) 

119 118.9033102 8.45 (4) 8.620 (3) 8.68 (l) 

120 119.9021990 33.11 (10) 33.03 (12) 32.75 (3) 

122 121.903440 4.61 (5) 4.78 (1) 4.74 (4) 

124 123.905271 5.83 (5) 6.110 (6) 6.01 (9) 

Isotope ratio 112/120 0.0284 0.0272 0.0308 
114/120 0.0196 0.0185 0.0208 
115/120 0.0100 0.0106 0.0107 
116/120 0.4337 0.4260 0.4360 
117/120 0.2268 0.2283 0.2342 
1/8/120 U.lj12 0.7260 0.7278 
119/120 0.2552 0.2610 0.2650 
122/120 0.1392 0.1447 0.1447 
124/120 0.1761 0.1850 0.1835 

Atomic weight 118.729 (4) 118.762 (3) 118.746 (6) 

Error P SE SO 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 857 

Element 50sn Tin--continued 

~lass 
no. Nuclidic Mass 520IBl 65LAEl 830EVl 83ICAl 

112 111.904823 0.99 (5) 1.01 (3) 0.973 (3) 0.97 (1) 

114 113.902781 0.68 (3) 0.67 (3) 0.652 (3) 0.65 (1) 

115 114.9033441 0.36 (3) 0.38 (3) 0.359 (3) 0.36 (1) 

116 115.9017435 14.49 (10) 14.76 (5) 14.532 (36) 14.53 (11 ) 

117 116.9029536 7.71 (8) 7.75 (3) 7.675 (23) 7.68 (7) 

118 117 • 901 6066 2<1.09 (20) 211.30 (B) 24.21B (36) 24.22 (11) 

119 118.9033102 8.59 (8) 8.55 (3) 8.583 (13) 8.58 (4) 

120 119.9021990 32.52 (30) 32.38 (8) 32.590 (33) 32.59 (10) 

122 121.903440 4.77 (5) 4.56 (3) 4.629 (9) 4.63 (3) 

124 123.905271 5.81 (6) 5.64 (3) 5.789 (18) 5.79 (5) 

Isotope ratio 112/120 0.0304 0.0312 0.02984 0.0298 
114/120 0.0209 0.0207 0.0200 0.0199 
115/120 0.0111 0.0116 0.011 0 0.0111 
116/120 0.4456 0.4558 0.4459 0.4458 
117/120 0.2.371 0.2392 0.2355 0.2357 
118/120 0.7408 0.7504 0.7432 0.7432 
119/120 0.2641 0.2642 0.2634 0.2633 
122(120 0.1467 0.1408 0.1420 0.1421 
124/120 0.1787 0.1742 0.1776 0.1777 

Atomic weight 118.726 (7) 118.685 (4) 118.710 (7) 118.710 (5) 

Error P SO 3XSO 

Annotation B 

Element 51 Sb Antimony 
1961 121 .75 1969 121.75 (3) 

Mass 
no. Nuclidic mass 48WHIl 83ICA1 

121 120.9038237 57.25 (57) 57.3 (9) 

123 122.904222 42.75 (57) 42.7 (9) 

Isotope ratio 121/123 1.339 

Atomic weight 121.76 (1) 1'21.76 (2) 

Error P 

Annotation B 
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858 DE BIEVRE ET AL. 

Element 52Te Tellurium 
1961 127.60 1969 127.60 (3) 

~'ass 
no. Nuclidic mass 46WILl 48WHIl 48WHI1 49HIB2 

120 11 9.904021 0.090 (6)c 0.091 (1) 0.092 0.090 (10) 

122 121.903055 2.43 (6)c 2.49 (2) 2.32 2.47 (1) 

123 122.904278 0.85 (2)c 0.89 (2) 0.88 0.89 (1) 

124 123.902825 4.59 (13)c 4.63 (5) 4.51 4.74 (2) 

125 124.904435 6.98 (7)c 7.01 (1) 6.99 7.03 (3) 

126 125.903310 18.70 (7) C 18.72 (4) 18.53 1!:l.!2 (5) 

128 127.904464 31.85 (9)c 31.72 (1) 32.57 31.75 (6) 

130 129.906229 34.51 (7)c 34.46 (9) 34.11 34.27 (5) 

Isotope ratio 120/130 0.00256 (17) 0.0026 0.0027 0.0026 
122/130 0.0705 (18) 0.0722 0.0680 0.0721 
123/130 0.0247 (5) 0.0230 0.0258 0.0260 
124/130 0.133 (4) 0.134 0.132 0.138 
125/130 0.202 (2) 0.203 0.205 0.205 
126/130 0.542 (2) 0.543 0.543 0.546 
128/130 0.923 (3) 0.920 0.955 0.926 

Atomic \~ei 9ht 127.632 (7) 127.623 (3) 1 27 .6356 (9) 127.615 (2) 

Error NS SE NS SD 

Annotation 

no. Nuclidic mass 78SMIl 83ICA1 

120 119.904021 0.0960 (7)c 0.096 (2) 

122 121.903055 2.603 (3)C 2.60 (l) 

123 122.904278 0.908 (1)c 0.908 (3) 

124 123.902825 4.816 (3)c 4.816 (8) 

125 124.904435 7.139 (3) c 7.14 {ll 

126 125.903310 18.952 (5)C 18.95 (1) 

128 127.904464 31.687 (7) c 31.69 (2) 

130 129.906229 33.799 (7)c 33.80 (2) 

Isotope ratio 120/130 0.00284 (2) 0.0028 
122/130 0.07701 (4) 0.0769 
123/130 0.02687 (2) 0.0269 
124/130 0.14250 (6) 0.142 
125/130 0.21122 (6) 0.211 
126/130 D.ll60/l:! 0.::>61 
128/130 0.93753 (16) 0.937 

Atomic weight 127.5856 (3) 127.5858 (9) 

Error 2XSD 

Annotation B 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 859 

1961 126.9044 

Mass 
no. Nuclidic mass 

1 27 126.904477 

Isotope ratio 

Atomic weight 

Error 

Annotation 

1961 131.30 

Mass 
no. Nuclidic mass 

1 24 123.90612 

126 125.904281 

128 127.9035308 

129 128.9047801 

130 129.9035095 

131 130.905076 

132 131.904148 

134 133.905395 

136 135.907219 

Isotope ratio 124/130 
126/130 
128/130 
129/130 
131/130 
132/130 
134/130 
136/130 

Atomic weight 

Error 

Annotation 

Element 531 Iodine 
1969 126.9045 

49LEL 1 

100 

126.90448 (3) 

NS 

83ICAl 

100 

126.90448 (3) 

Element 54Xe Xenon 

1979 131.29 (3) 

470181 

0.102 (9) 

0.098 (3) 

1.93 (ll 

26.51 (2) 

3.68 (4) 

21.04 (9) 

27.12 (7) 

10.54 (5) 

8.98 (3) 

0.0277 
0.0266 
0.5245 
7.204 
5.717 
7.370 
2.864 
2.440 

131.304 (2) 

SO 

47LOUl 

0.095 (1) 

0.088 (1) 

1.917 (6) 

26.240 (80) 

4.053 (5) 

21.240 (30) 

26.930 (20) 

10.520 (20) 

8.930 (30) 

0.0234 
0.0217 
0.4730 
6.474 
5.241 
G.G44 
2.596 
2.203 

131.302 (2) 

SE 

50NIE2 

0.096 (1) 

0.090 (1) 

1.919 (4) 

26.44 (8) 

4.08 (1) 

21.18 (5) 

26.89 (7) 

10.44 (2) 

8.87 (1) 

0.073" 
0.0220 
0.4709 
6.488 
5.198 
6.599 
2.562 
2.176 

131.292 (2) 

p 

B 

71 POOl 

0.0949 (5)c 

0.0884 (5)c 

1.914 (5)c 

26.431 (21)' 

4.064 (8)c 

21.229 (21)c 

26.879 {21)c 

10.432 (21)c 

8.868 (16)c 

0_02335 (14) 
0.02176 (14) 
0.4708 (7) 
6.505 (15) 
5.224 (l2) 
6.614 (12:) 
2.567 (7) 
2.182 (6) 

131.293 (1) 

2XSO 

J. Phys. Chem. Ref. Data. Vol. 13, No.3, 1984 



860 

Mass 
no. Nuclidic mass 

124 123.90612 

126 125.904281 

128 1 27.9035308 

129 1 28 • 9047801 

130 129.9035095 

1:11 1 :10. Q05076 

132 131.904148 

134 133.905395 

135 135.907219 

Isotope ratio 124/130 
126/130 
128/130 
129/130 
131/130 
132/130 
131/130 
136/130 

Atomic weight 

t:.rror 

Annotation 

1961 132.905 

Mass 
no. 

133 

Nuclidic mass 

132.90(;433 

Isotope ratio 

Atomic weight 

Error 

Annotati on 

DE BIEVRE ET AL. 

Element 54Xe Xenon--continued 

83ICA1 

0.10 (1) 

0.09 (1) 

1.91 (3) 

Z6.4 (6) 

4.1 (1) 

21.2 (4) 

26.9 (5) 

10.4 (2) 

8.9 (1) 

0.0244 
0.0220 
0.4659 
6.439 
5.171 
6.561 
2.537 
2.171 

131.29 (2) 

Element 55CS Caesium 
1969 132.9055 1971 132.9054 

56WHI1 83ICAl 

100 100 

132.90543 (5) 

NS 

132.90543 (5) 

J. Phys. Chem. Ref. Data, Vol. 13, No.3, 1984 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Element 56Ba Barium 
1961 137.34 1969 137.34 (3) 1975 134.33 

Mass 
no. Nuclidic mass 38NIEl 

130 129.906277 0.101 0 (43) c 

132 131.905042 0.0975 (43)c 

134 133.904490 2.415 (49)c 

135 134.905668 6.59 (13) (; 

136 135.904556 7.81 (13) c 

137 136.905816 11.32 (19)c 

138 137.905236 71.66 (21)c 

Isotope ratio 130/138 
132/138 
134/138 
135/138 
136/138 
137/13B 

0.00141 (6) 
0.00136 (6) 
0.0337 (6) 
0.092 (2) 
0.109 (2) 
0.16B (3) 

49HERl 

0.103 (4) 

0.096 (4) 

2.39 (5) 

6.56 (12) 

7.79 (10) 

11. Z!i (10) 

71.83 (29) 

0.001434 
0.001336 
0.03327 
0.0913 
0.1085 
0.1666 

Atomic weight 

Error 

137.328 (4) 

P 

137.317 (4) 

2XSO 

Annotation 

Mass 
no. Nuclidic mass 

130 129.906277 

132 131 .905042 

134 133.904490 

136 135.904556 

137 136.Q05R16 

138 137.905236 

Isotope ratio 130/138 
132/138 
134/138 
135/138 
136/138 
137/138 

Atomic weight 

Error 

Annotation 

62UMEl 

0.1022 (l)c 

0.0986 (l)C 

2.388 (2)c 

6.531 (6)<: 

7.817 (6)c 

11 .134 (7)c 

7l.929 (23)c 

0.0014215 (20) 
0.0013712 (17) 
0.033197 (34) 
0.09080 (8) 
0.10868 (9) 
0.15479 (lD) 

137.3321 (2) 

2XSD 

69EUG1 

D.l058 (2) 

D.l012 (2) 

2.417 (3) 

6.592 (2) 

7.853 (4) 

11 .232 (4) 

71 .699 (7) 

0.001473 
D.001412 
D.03371 
D.09194 
0.10952 
D.15665 

137.3269 (1) 

SE 

C, B 

56AKIl 

0.13 (2) 

0.19 (2) 

2.60 (5) 

6.73 (12) 

8.07 (10) 

11 .87 (Z!:i) 

70.41 (35) 

0.00185 
0.0270 
0.03693 
0.0956 
0.1146 
0.1696 

137.297 (5) 

p 

600MUl 

0.109 (50) 

0.103 (30) 

2.45 (5) 

6.72 (19) 

8.06 (13) 

11.41 (10) 

71.12 (13) 

0.00153 
0.00145 
0.03445 
0.09449 
0.11333 
0.160113 

137.315 (7) 

NS 

62RIDl 

0.098 (2) 

0.091 (3) 

2.33 (2) 

6.42 (3) 

7.77 (2) 

11.18 (!i) 

72.11 (6) 

0.001359 
0.001262 
0.03231 
0.08903 
0.10775 
0.15604 

137.341 (1) 

so 

73LAEl 76CH01 

0.1054 (4)c 

0.1013 (4) c 

2.411 (2)c 

6.593 (6)c 

7.863 (6)c 

11 .248 (g)c 

71.678 (23)c 

0.001471 (6) 
0.D01413 (6) 
0.0336.3 (3) 
0.09198 (9) 
0.10970 (9) 
0.15693 (10) 

137.3268 (2) 

3XSD 

0.10 

0.10 

2.42 

6.59 

7.81 

11.32 

71.66 

0.00140 
0.00140 
0.0338 
0.0920 
0.1090 
0.1580 

137.327(1) 

NS 

861 
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862 

no. Nuclidic mass 

130 129.906277 

132 131.905042 

134 133.904490 

135 134.905668 

136 135.904556 

137 136.906816 

138 137.905236 

Isotope ratio 130/138 
132/138 
134/138 
135/138 
136/138 
B7/BR 

Atomic weight 

Error 

Annotation 

1961 138.91 
Mass 
no. Nuclidic mass 

138 137.907114 

139 138.906355 

Isotope ratio 138/139 

Atom1c we1ght 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 56Ba Barium--continued 

83ICAl 

0.106 (2) 

0.101 (2) 

2.417 (27) 

6.592 (18) 

7.854 (39) 

11.23 (II) 

71.70(7) 

0.001478 
0.001409 
0.03371 
0.09194 
0.10954 
o .15fi63 

137.327 (1) 

Element 57La Lanthanum 
1969 138.9055 (3) 

47ING2 56WHIl 72MASl 

0.089 (2) 0.0885 (16) 0.089 (2)c 

99.911 (2) 99 • 911 5 (16) 99.911 (2)C 

0.000891 0.000893 (16) .0008873 (24) 

138.90547 (2) 138.90547 (2) 138.90547 (2) 

SE NS 2XSD 

B 

J. Phys. Chem. Ref. Data, Vol. 13, No.3, 1984 

75YANl 831 CAl 

0.089 (2)c 0.09 (2) 

99.911 (2)e 99.91 (2) 

.000890 (7) 0.000891 

138.90547 (2) 138.9055 (2) 

2XSD 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

1961 140.12 
Mass 
no. Nuclidic mass 

136 135_90714 

138 137.905996 

140 139.905442 

142 141.909249 

Isotope ratio 136/140 
138/140 
142/140 

Atomic weight 

Error 

Annotation 

1961 140.907 

Element 58Ce Cerium 

47ING2 49HIB2 62UME1 

0_193 (5) 0_195 (5) 0.1904 (3)c 

0.250 (5) 0.265 (5) 0.2536 (4)c 

88.48 (10) 88.449 (20) 88.475 (8)c 

11.07 (10) 11.098 (33) 11 . 081 mC 

0.002181 0.002205 0.0021526 (29) 
0.002825 0.002996 0.0028663 ~41) 
0.1251 0.12547 0.12525 (8 

140.115 (2) 140.1147 (6) 140.1148 (1) 

SE SO 2XSO 

B 

Element 59Pr Praseodymium 

1969 140.9077 
Mass 
no. Nuclidic mass 57COLl 83ICAl 

141 140.907657 100 

Isotope ratio 

Atomic weight 

Error 

Annotation 

140. 90766 (3) 

NS 

100 

140.90766 (3) 

83ICA1 

0.19 (1) 

0.25 (1) 

88.48 (10) 

11.08 (10) 

0.002147 
0.002825 
0.1252 

140.115 (2) 

863 
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864 DE BIEVRE ET AL. 

Element 60 Nd Neodymium 
1961 144.24 1969 144.24 (3) 

Mass 
no. Nuclidic mass 47ING3 48ING2 48MATl 53WAL 1 

112 l'11 .907731 27.26 27.13 (20) 26.BO (16) 27.09 (3) 

143 142.909823 12.26 12.20 (10) 12.12 (8) 12.14 (2) 

144 143.910096 23.97 23.87 (20) 23.91 (12) 23.83 (3) 

145 144.912582 8.23 8.30 (5) 8.35 (8) 8.29 (1) 

146 145.913126 17.06 17.18 (20) 17.35 (9) 17.26 (2) 

148 147.916901 5.66 5.72 (6) 5.78 (8) 5.74 (2) 

150 149.920900 5.53 5.60 (6) 5.69 (8) 5.63 (2) 

Isotope ratio 143/142 0.4499 0.4497 0.4522 0.4513 
144/142 0.8797 0.8798 0.8921 0.8718 
145/142 0.3020 0.3060 0.3116 0.3037 
146/142 0.6261 0.6333 0.6474 0.6264 
148/142 0.2077 0.2108 0.2157 0.2077 
150/142 0.2030 0.2064 0.2123 0.2037 

Atomic weight 144.2254 (8) 144.238 (7) 144.257 (7) 144.244 (2) 

Error NS NS SE SD 

Annotation 

Mass 
no. Nuclidic mass 56WHIl 64 KOMl 76NAK1 81HOLl 83ICAl 

142 141.907731 27.3 (2) 26.Bl (60) 27.157 27.16 (4) 27.13 (10) 

143 142.909823 12.32 (9) 12.07 (45) 12.177 12.18 (2) 12.18 (5) 

144 143.910096 23.8 (2) 23.75 (60) 23.795 23.83 (4) 23.80 (10) 

145 144.912582 8.29 (6) 8.39 (23) 8.293 8.30 (2) 8.30 (5) 

146 145.913126 17.10 (14) 17.31 (53) 17 .188 17.17 (3) 17.19(8) 

148 147.916901 5.67 (5) 5.99 (28) 5.755 5.74 (1) 5.76 (3) 

150 149.920900 5.56 (5) 5.75 (35) 5.635 5.62 (1) 5.64 (3) 

Isotope ratio 143/142 0.4513 0.4502 O.44B4 O.44B5 0.44B9 
144/142 0.8719 0.8859 0.8762 0.8774 0.8773 
145/142 0.3037 0.3129 0.3054 0.3056 0.3059 
146/142 0.6260 0.6457 0.6329 0.6322 0.6336 
148/142 0.2077 0.2234 0.2113 0.2113 0.2123 
150/142 0.2U37 0.2145 0.20/5 0.2069 0.2079 

Atomic weight 144.227 (6) 144.27 (3) 144.24123 (8) 144.239 (11) 144.242 (3) 

Err Dr NS NS NS 2XSO 

Annotation B 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 

Element 52Sm Samarium 
1961 150.35 1969 150.4 1979 150.36 (3) 

Mass 
no. Nuclidic mass 

144 143.912009 

147 146.914907 

148 147.914832 

149 148.917193 

150 149.917285 

1~2 1~1.Y197ql 

154 153.922218 

Isotope ratio 144/152 
147/152 
148/152 
149/152 
150/152 
154/152 

Atomic weight 

Error 

Annotation 

48ItlGl 

3.16 (10) 

15.07 (15) 

11.27 (11) 

13.84 (14) 

7.47 (7) 

26.63 (26) 

22.53 (22) 

0.1187 
0.5659 
0.4232 
0.5197 
0.2805 
0.8460 

150.34 (1) 

3XSE 

no. Nuclidic mass 57COll 

144 143.912009 3.15 (3) 

147 146.914907 15.09 (10) 

148 147.914832 11.35 (9) 

149 148.917193 13.96 (10) 

150 149.917285 7.47 (6) 

152 151.919741 26.55 (20) 

154 153.922218 

Isotope ratio 144/152 
147/152 
148/152 
149/152 
150/152 
154/152 

Atomic weight 

Error 

Annotation 

22.43 (20) 

0.1186 
0.5684 
0.4275 
0.5258 
0.2814 
0.8448 

150.338 (9) 

SO 

48MAT1 

2.95 (7) 

14.62 (12) 

10.97 (11) 

13.56 (12) 

7.27 (10) 

27.34 (25) 

23.29 (19) 

0.1079 
0.5347 
0.4012 
0.4960 
0.2659 
0.6519 

150.43 (1) 

NS 

64 KOMI 

3.15 (4) 

14.93 (4) 

11. 21 (8) 

13.70 (15) 

7.44 (8) 

26.65 (13) 

22.62 (2) 

0.1182 
0.5602 
0.4205 
0.5141 
0.2792 
0.8488 

50HIBI 

2.87 (15) 

14.94 (6) 

11.24 (5) 

13.85 (6) 

7.36 (7) 

26.90 (10) 

22.84 (13) 

0.1067 
0.5554 
0.4178 
0.5149 
0.2736 
0.8491 

150.39 (1) 

2XSD 

75lUGl 81 HOll 

3.075 (l)c 

14.995 (l)c 

11.242 (1)c 

13.819 (1)(; 

3.09 (1) 

15.03 (3) 

11.24 (2) 

13.84 (3) 

7.380 (l)C 

26.738 (2)c 

22.750 (l)c 

0.11502 (4) 
0.56081 
0.42045 (3) 
0.51683 (4) 
0.27602 (2) 
0.85082 (5) 

7.38 (2) 

26.72 (G) 

22.70 (4) 

0.1156 
0.5625 
0.4207 
0.5180 
0.2762 
0.B496 

150.359 (4) 

NS 

150.36558 (9) 150.361 (2) 

2XSD 2XSO 

57AITl 

3.02 (2) 

14.87 (4) 

11.22 (3) 

13.82 (4) 

7.40 (2) 

26.80 (5) 

22.88 (6) 

0.1126 
0.5549 
0.4187 
0.5157 
0.2761 
0.8537 

150.379 (3) 

NS 

83ICAl 

3.1 (l) 

15.0 (2) 

11.3 (1) 

13.8 (1) 

7.4 (l) 

26.7 (2) 

22.7 (2) 

0.1161 
0.5618 
0.4232 
0.5169 
0.2772 
0.8502 

150.36 (1) 

865 
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866 DE BIEVRE ET AL. 

Element 63 Eu Europium 
1961 151 .96 

Mass 
no. Nucl idic mass 47ING3 48HESl 57COL 1 64KOMl 72LOVI 

151 150.919860 47.75 47.77 (25)c 47.86 (8) 47.86 (28) 47.794 (25)c 

153 152.921243 52.25 52.23 (25)c 52.14 (8) 52.14 (28) 52.206 (25)c 

Isotope ratio 151/153 0.9139 0.9145 (91) 0.9179 0.9179 0.9155 (9) 

Atomic weight 151.9656 (2) 151.965 (5) 151 .963 (2) 151 .963 (6) 151.9647 (5) 

Error NS P SO NS 2XSD 

Annotation [) 

no. Nuclidic mass 72LOVI 81 HOll 83ICA1 

151 150.919860 47.808 (50) 47.81 (3) 47.8 (5) 

153 152.9212113 52.192 (50) 52.19 (3) 52.2 (5) 

Isotope ratio 151/153 0.9160 (18) 0.9160 0.9157 

Atomic weight 151.964 (1) 151. 9644 (6) 151.96 (1) 

Error 2XSD 2XSO 

Annotation 

Element 64 Gd Gadolinium 
1961 157.25 1969 157.25 (3) 

Mass 
no. Nuclidic mass 47ING3 48HESI 50LELI 57COL 1 

152 151.919803 0.20 0.200 (2) 0.200 (5) 0.205 (10) 

154 153.920876 2.1 2.15 (2) 2.16 (2) 2.23 (3) 

155 154.922629 14.90 14.78 (Ib) 14.b8 (10) 15.10 (15) 

156 155.922130 20.67 20.59 (21) 20.36 (20) 20.6 (2) 

157 156.923967 15.73 15.71 (16) 15.64 (16) 15.70 (16) 

158 157.924111 24.82 24.78 (25) 24.96 (25) 24.50 (25) 

160 159.927061 21.77 21.79 (22) 22.01 (22) 21.6 (2) 

Isotope ratio 152/158 0.00806 0.00807 0.00801 0.00837 
154/158 0.0846 0.0868 0.0865 0.0910 
155/158 0.6003 0.5964 0.5881 0.6164 
156/158 0.8328 0.8309 0.8157 0.8409 
157/158 0.6338 0.6340 0.6266 0.6409 
160/158 0.8771 0.8793 0.8818 0.8817 

Atomic weight 157.247 (4) 157.250 (8) 157.262 (8) ·157.232 (7) 

Error NS P P SD 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 867 

Element 64Gd Gado1inium--continued 

Mass 
no. Nuclidic mass 66KOM1 70EUG1 81 HOl1 83ICA1 

152 151.919803 0.19 (1) 0.2029 (5) 0.200 (5) 0.20 (1) 

154 153.920876 2.14 (1) 2.1809 (6) 2.18 (3) 2.18 (3) 

155 154.922629 14.66 (28) 14.800 (3) 14.80 (6) 14.80 (5) 

156 155.922130 20.57 (48) 20.466 (2) 20.47 (8) 20.47 (4) 

157 156.923967 15.71 (20) 15.652 (2) 15.65 (6) 15.65 (3) 

158 157.924111 25.09 (47) 24.835 (It) 24.84 (9) 24.84 (12) 

160 159.927061 21.67 (42) 21.863 (2) 21.86 (8) 2l.86 (4) 

Isotope ratio 152/158 0.0075 0.008170 0.00805 0.00805 
154/158 0.0853 0.08782 0.0878 0.0878 
155/158 0.5843 0.59593 0.5958 0.5958 
156/158 0.8198 0.82408 0.8241 0.8241 
157 Jl58 0.6261 0.63024 0.6300 0.6300 
160/158 0.8637 0.88033 0.8800 0.8800 

Atomic weight 157.25 (1) 157.2520 (1) 157.252 (3) 157.252 (2) 

Error NS SO 2XSO 

Annotation B 

Element 65Tb Terbium 
1961 158.924 1969 158.9254 

~lass 
no. Nuclidic mass 57COll 831CP.l 

159 158.925350 100 100 

Isotope ratio 

Atomic weight 158.92535 (3) 158.92535 (4) 

Error NS 

P.nnotation 
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1961 162.50 
Mass 
no. Nuclidic mass 

156 155.924287 

158 157.924412 

160 159.925203 

161 160.926939 

162 161.926806 

163 162.928737 

164 163.9291133 

Isotope ratio 156/164 
158/164 
160/164 
161/164 
162/164 
163/164 

Atomic weiqht 

Error 

Annotation 

Mass 
no. Nuclidic mass 

156 155.924287 

158 157.924412 

160 159.925203 

161 160.926939 

162 161.926805 

163 162.928737 

164 163.929183 

Isotope ratio 156/164 
158/164 
160/164 
161/164 
162/164 
163/164 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 66Dy Dysprosium 
1969 162.50 (3) 

49ING1 50LEL 1 57COL 1 

0.0524 (5) o 064 +0.001 
· -0.064 0.057 (1) 

0.0902 (9) o 105 +0.001 
· -0.105 0.100 (1) 

2.294 (11) 2.36 (10) 2.35 (2) 

18.88 (9) 18.73 (19) 19.0 (1) 

25.53 (13) 25.36 (25) 25.5 (2) 

24.97 (12) 24.91 (25) 24.9 (2) 

28.113 (14) 28 47 +0.25 
· -U.56 28.1 (2) 

0.00186 0.00225 0.00203 
0.00320 0.00367 0.00356 
0.0814 0.0829 0.0836 
0.6700 0.6579 0.6762 
0.9060 0.8908 0.9075 
0.8861 0.8750 0.8861 

162.499 (3) 162.50 (1) 162.495 (4) 

P P SO 

-~-~ 

81 Hall 83ICAl 

0.056 (l) 0.06 (1) 

0.096 (2) 0.10 (1) 

2.34 (2) 2.34 (5) 

18.91 ( 5) 18.9 (l) 

25.51 (7) 25.5 (2) 

24.90 (7) 24.9 (2) 

28.19 (8) 28.2 (2) 

0.00199 0.00213 
0.00341 0.00355 
0.0830 0.0830 
0.67013 0.6702 
0.9049 0.9043 
0.8833 0.8830 

162.498 (2) 162.498 (4) 

2XSD 

B 

J. Phys. Chem. Ref. Data, Vol. 13, No.3, 1984 

66KOM1 

0.058 (9) 

0.092 (4) 

2.53 (8) 

19.04 (25) 

25.52 (15) 

24.87 (3D) 

28.1B (30) 

0.0021 
0.0033 
0.0898 
0.5757 
0.9056 
0.8825 

162.492 (7) 

NS 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 869 

Element 67Ho Holmium 
1961 164.930 1969 164.9303 1971 164.9304 

Mass 
no. Nuclidic mass 50LEL 1 57COL 1 83ICA1 

165 164.930332 100 100 100 

Isotope ratio 

Atomic weight 164.93033 (4) 164.93033 (4) 164.93033 (4) 

Error NS NS 

Annotation 

Element 68 Er Erbium 
1961 167.26 1969 167.26 (3) 

Mass 
no. Nuclidic mass 41WAH2 50HAY1 50LEL 1 66KOM1 

162 161.928787 0.1 0.136 (3) 0.154 (7) 0.258 (4) 

164 163.929211 1.5 1.56 (3) 1.60 (2) 1.91 (1) 

166 165.930305 32.9 33.41 (3D) 33.36 (33) 33.23 (16) 

167 166.932061 24.4 22.94 (20) 22.82 (23) 22.80 (25) 

168 167.932383 26.9 27.07 (30) 27.02 (27) 26.82 (40) 

170 169.935476 14.2 14.88 (20) 15.04 (15) 14.96 (20) 

Isotope ratio 162/166 0.00304 0.00407 0.00462 0.0078 
164/166 0.0456 0.0467 0.04796 0.0575 
167/166 0.7416 0.6866 0.6841 0.6891 
168/166 0.8176 0.8102 0.8100 0.8071 
170/166 0.4316 0.4454 0.4508 0.4502 

Atomic weight 167.24!:1 (I) Ih/.2hZ (I) 167.264 (6) 167.247 (7) 

Error NS p P NS 

Annotation 
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870 

Mass 
no. Nuclidic mass 

162 161 .928787 

164 163.929211 

166 165.930305 

167 166.932061 

168 167.932383 

1IV Ib9.9Jb4/b 

Isotope ratio 162/166 
164/166 
1 67/Hifi 
168/166 
170/166 

Atomic wei ght 

Error 

Annotation 

1961 168.934 
Mass 
no. 

169 

Nuclidic mass 

168.934225 

Isotope ratio 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 6BEr Erbium--continued 

81 HOLl 83CICA1 

0.137 (1) 0.14 (1) 

1.609 (5) 1.61 (4) 

33.61 (7) 33.6 (2) 

22.93 (5) 22.95 (13) 

26.79 (7) 26.8 (2) 

14.93 (0) 14.!:I (l) 

0.00408 0.00417 
0.0389 0.0479 
O.fiR?? O.fiR'lO 
0.7971 0.7976 
0.4442 0.4435 

167.257 (2) 167.256 (4) 

2XSD 

B 

Element 69Tm Thulium 
1969 168.9342 

50LAGl 

100 

168.93423 (4) 

NS 

57COLl 

100 

1 68.93423 (4) 

NS 

83ICAl 

100 

168.93423 (4) 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 871 

Element 70Yb Ytterbium 
1961 173.04 1969 173.04 (3) 

Mass 
no. Nuclidic mass 41WAH1 49HAY1 50LEL 1 57COL1 

168 167.933908 0.06 0.140 (2) 0.130 (6) 0.135 {2} 

170 169.934774 4.21 3.034 (30) 3.03 (3) 3.140 (15) 

171 170.936338 14.26 14.34 (14) 14.27 (14) 14.4 (2) 

172 171.936393 21.49 21 .88 (22) 21 .77 (22) 21.90 (25) 

173 172.938222 17.02 16.18 (16) 16.08 (16) 16;2 (2) 

174 173.938873 29.58 31.77 (32) 31.91 (32) 31.6 (4) 

176 175.942576 13.38 12.65 (13) 12.80 (13) 12.60 (15) 

Isotope ratio 168/174 0.00203 0.00441 0.00407 0.00427 
170/174 0.1423 0.0955 0.0950 0.0994 
171/174 0.4820 0.4514 0.4472 0.4557 
172/174 0.7264 0.6887 0.6822 0.6930 
173/174 0.5753 0.5093 0.5039 0.5126 
176/174 0.4522 0.3982 0.4011 0.3987 

Atomic weight 173.0060 (7) 173.031 (6) 173.041 (6) 173.024 (6) 

Error NS P P SD 

Annotation 

Mass 
no. Nuclidic mass 66KOM1 77MCC1 81 HOLl 83ICA1 

168 167.933908 0.22 (9) 0.136 (l)c 0.1::>7 (2) 0.13 (1) 

170 169.934774 3.43 (10) 3.063 (3)c 3.04 (2) 3.05 (5) 

171 170.936338 14.06 (30) 14.334 (9)c 14.28 (8) 14.3 (2) 

172 171.936393 21.82 (15) 21.879 (10)c 21 .83 (10) 21.9 (3) 

173 172.938222 16.05 (18) 16.122 (9)c 16.13 (7) 16.12 (18) 

174 173.938873 31.53 (30) 31.768 (20)c 31 .83 (14) 31.8 (4) 

176 175.942576 12.86 (18) 12.698 (6)c 12.76 (5) 12.7 (1) 

T~ntore ratio 168/174 0.0070 0.OO~29 (6) 0.00399 0.00409 
170/174 0.1088 0.0964 (l) 0.0955 0.0959 
171/174 0.4459 0.4512 0.4486 0.4497 
172/174 0.6920 0.6887 (4) 0.6858 0.6887 
173/174 0.5090 0.5075 (3) 0.5068 0.5069 
176/174 0.4079 U.;J991 (;::) 0.4009 0.3994 

Atomic weight 173.02 (1) 173.0327 (3) 173.038 (3) 173.034 (7) 

Error NS nSF 2XSD 

Annotation B 
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872 DE BIEVRE ET AL. 

Element 71 Lu Lutetium 
1 qfil 174.97 1977 174.967 (3) 1981 174.967 (1) 

no. Nuclidic mass 39MAT2 50HAYl 57COL 1 76MCCl 

175 174.940785 97.485 (6)c 97.40 (3) 97.412 (13) 97.393 (5) 

176 175.942694 2.515 (67)c 2.60 (3) 2.588 (13) 2.607 (5) 

Isotope ratio 176/175 0.0258 (7) 0.02669 0.02657 0.02677 (5) 

Atomic weight 174.9660 (7) 174.9668 (3) 174.9667 (1) 174.96690 (5) 

Error NS SD 2XSD 

Annotation 

Has:; 
no. Nuclidic mass 81HOL 1 83PAT1 83ICA1 

175 174.940785 97.41 (2) 97.416 (5)c 97.41 (2) 

176 175.942694 2.59 (2) 2.584 (5)c 2.59 (2) 

Isotope ratio 176/175 0.02659 0.026525 (20) 0.02669 

Atomic weight 174.9667 (2) 174.96667 (5) 174.9667 (2) 

Error 2XSD 2XSD 

Annotation B 

Element 7[!Hf Hafnium 
1961 178.49 1969 178.49 (3) 

no. Nuclidic mass 43MATl 49HIB2 53REYl 56WHIl 

174 173.940065 0.18 (l) 0.1.8 (1) o 199 +0.003 
. -0.010 0.163 (2) 

176 175.941420 5.30 (11) 5.15 (2) 5.23 (5) 5.21 (2) 

177 176.943233 18.47 (9) 18.39 (1) 18.55 (17) 18.56 (6) 

178 177.943710 27.13 (14) 27.08 (4) 27.23 (22) 27.10 (l0) 

179 178.945827 13.85 (7) 13.78 (2) 13.73 (13) 13.75 (5) 

180 179.946561 35.14 (18) 35.44 (6) 35.07 (24) 35.22 (10) 

I::;u LUll!:: rOd Li U 174(180 0.00508 0.00508 0.00(;67 0.00463 
176/180 0.1509 0.1453 0.1491 0.1479 
177 /180 0.5260 0.5189 0.5289 0.5270 
178/180 0.7715 0.7641 0.7765 0.7695 
179/180 0.3944 0.3888 0.3915 0.3904 

Atomic weight 178.488 (4) 178.497 (1) 178.485 (5) 178.491 (2) 

Error P SO P NS 

Annotation 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 873 

Element 72Hf Hafnium--continued 

Mass 
no. Nuclidic mass 75TAMl 83PATl 831 CAl 

174 173.940065 0.155 (l)c 0.1621 (9) 0.162 (2) 

176 175.941420 5.193 (19)c 5.2056 (12) 5.206 (4) 

177 176.943233 18.484 (37)c 18.6060 (13) 18.606 (3) 

178 177 .94371 0 27.261 (27)c 27.2969 (13) 27.297 (3) 

179 178.945827 13.652 (35)c 13.6289 (19) 13.629 (5) 

IBO 1/9.946561 35.255 (l)c 35.1005 (22) 35.100 (6) 

Isotope ratio 174/180 0.00438 (1) 0.004618 0.00455 
176/180 0.1473 (4) 0.148306 0.1477 
177/180 0.5243 (15) 0.530078 0.5204 
178/180 0.7733 (23) 0.777678 0.7699 
179/180 0.3872 (1) 0.388282 0.3903 

Atomic weight 178.4915 (8) 178.48643 (7) 178.490 (9) 

Error NS NS 

Annotation B 

Element 73To Tantalum 
1961 180.948 1969 180.9479 (3) 1979 180.9479 

r~ass 
no. Nuclidic mass 55WHIl 56WHl1 58PAl1 83ICAl 

180 179.947489 0.0123 (3) 0.0123 (3) 0.0117 (6) 0.012 (2) 

181 180.948014 99.988 99.9877 (3) 99.9883 (6) 99.988 (2) 

Isotope ratio 180/181 0.0001230 0.0001233 0.0001170 0.0001200 

Atomic weight 180.947891(3) 180.947891 (3) 180.947897 (6) 180.94789 (2) 

Error NS NS NS 

Annotation B 
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874 DE BIEVRE ET AL. 

Element 741'1 Tungsten 
1961 183.85 1969 183.85 (3) 

Mass 
no. Nuclidic mass 

180 179.946727 

182 181.948225 

1B3 182.950245 

184 183.950953 

186 185.954377 

Isotope ratio 180/183 

Atomic weight 

Error 

Annotation 

Ma~z 

182/183 
184/183 
186/183 

no. Nuclidic mass 

180 179.946727 

182 181.948225 

183 182.950245 

184 183.950953 

186 185.954377 

Isotope ratio 180/183 
182/183 
184/183 
186/183 

Atomic weight 

Error 

Annotation 

46ING1 

0.122 (2) 

25.77 (30) 

14.24 (20) 

30.68 (30) 

29.17 (30) 

0.00857 
1 .8097 
2.1545 
2.0485 

183.872 (6) 

p 

49HIB2 

0.143 (2) 

26.09 (12) 

14.24 (2) 

30.68 (1) 

28.85 (1) 

0.0100 
1.8322 
2.1545 
2.0260 

183.8582 (3) 

SD 

46WILl 

0.130(2) 

26.41 (53) 

14.40 (20) 

30.64 (61) 

28.41 (57) 

0.0090 
1.834 
2.128 
1 . q7:l 

183.84 (2) 

p 

600MU1 

0.116 (10) 

26.47 (12) 

14.27 (7) 

30.62 (9) 

28.55 (12) 

0.00813 
1.8549 
2.1458 
2.0007 

183.845 (3) 

NS 

48MAT1 

0.160 (4) 

26.35 (8) 

14.32 (11) 

30.68 (12) 

28.49 (9) 

0.01117 
1.8401 
2.1425 
1.QRqR 

183.844 (3) 

NS 

83ICA1 

0.13 (3) 

26.3 (2) 

14.3 (1) 

30.67 (15) 

28.6 (2) 

0.00909 
1.8392 
2.1448 
2.0000 

183.849 (6) 

Element 7;Re Rhenium 
1961 186.2 

Mass 
no. Nuclidic mass 

185 184.952977 

187 186.955765 

1973 186.207 

47HES1 

37.244 (69) 

62.756 (69) 

Isotope ratio 185/187 0.5935 (18) 

Atomic weight 186.210 (1) 

Error NS 

Annotation 
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48WHl1 

37.07 (6) 

62.93 (6) 

0.5891 

186.213 (1) 

SE 

73GRA1 

37.398 (16) 

62.602 (16) 

0.59738 (39) 

186.2068 (3) 

3XSD 

C, B 

48WHIl 

0.125 (6) 

26.31 (3) 

14.22 (1) 

30.64 (3) 

28.64 (1) 

0.00882 
1.8424 
2.1457 
?0056 

183.8498 (7) 

SE 

B 

83ICAI 

37.40 (2) 

62.60 (2) 

0.59744 

186.2068 (3) 



ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 875 

Element 760S Osmium 
1961 190.2 

Mass 
no. Nuclidic mass 37N I El 83ICAl 

184 183.952514 0.018 (2) 0.02(1) 

186 185.953852 1.59 (5) 1.58 (10) 

187 186.955762 1.64 (5) 1.6 (1) 

188 187.955850 13.27 (11) 13.3 (2) 

189 188.958156 16.14 (15) 16.1 (3) 

190 189.958455 26.38 (20) 20.4 (4) 

192 191.961487 40.96 (14) 41.0 (3) 

Isotope ratio 184/188 0.009 0.0015 
186/188 0.120 0.119 
187/188 0.124 0.120 
189/188 1.216 1 .210 
190/188 1.988 1.985 
192/188 3.087 3.Q83 

Atomic weight 190.238 (5) 190.24 (1) 

Error P 

Annotation B 

Element 77 Ir Iridium 
1961 192.2 1969 192.22 (3) 

/1"::'5 
no. Nuclidic mass 54BAL 1 83ICAl 

191 190.960603 37.3 37.3 (5) 

193 192.962942 62.7 62.7 (5) 

Isotope ratio 191/193 0.5949 0.5949 

Atomic weight 192.216 (2) 192.22 (1) 

Error NS 

An nnt;!ti on B 
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876 DE BIEVRE ET AL. 

Element 78Pt Platinum 
1961 195.09 1969 195.09 (3) 

Mass 
no. Nuclidic mass 471NG3 56WHIl 83ICA1 

190 189.959937 0.09 0.0127 (5) 0.01 (1) 

192 191 .961049 0.78 0.78 (1) 0.79 (5) 

194 193.962679 32.8 32.9 (1) 32.9 (5) 

195 194.964785 33.7 33.8 (1) 33.8 (5) 

196 195.964947 25.4 25.2 (1) 25.3 (5) 

198 197.967879 7.23 7.19 (4) 7.2 (2) 

Isotope ratio 190/195 0.0027 0.000376 0.00030 
192/195 0.0231 0.02308 0.02237 
194/195 0.9733 0.9734 0.9734 
196/1 95 0.7537 0.7456 0.7485 
198/195 0.2145 0.2127 0.2130 

Atomic weight 195.079 (2) 195.079 (2) 195.080 (9) 

Error NS NS 

Annotation B 

Element 79Au Gold 
1961 196.967 1969 196.9665 

no. Nuclidic mass 63LEIl 83ICAl 

197 196.966560 100 100 

Isotope ratio 

Atomic wei9ht 196.96656 (3) 196.96656 (4) 

Error NS 

/\nnoto.tion 
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ISOTOPIC ABUNDANCES AND ATOMIC WEIGHTS OF THE ELEMENTS 877 

Element 80Hg Mercury 

1961 200.59 1969 200.59 (3) 
Mass 
no. Nuclidic mass 471 NGl 49HIB2 50NIE2 50NIE2 

196 195.965812 0.155 0.16 (3) 0.147 (4) 0.146 (20)c 

198 197.966760 10.12 10.02 (6) 10.067 (101) 10.018 (9}c 

199 198.968269 17.01 16.92 (7) 17 .000 (170) 16.837 (15)c 

200 199.968316 23.21 23.10 (8) 23.050 (230) 23.127 (15) c 

201 200.970293 13.15 13.22 (6) 13.224 (132) 13.222 (14)c 

2UZ 2Ul.Y/Uo:i2 29.00 29.72 (9) 29.731 (297) 29.799 (18)c 

204 203.973481 6.69 6.84 (6) 6.781 (68) 6.851 (5)c 

Isotope ratio 196/202 0.0052 0.0054 0.00494 0.00491 
198/202 0.3412 0.3372 0.3386 0.3362 (3) 
199/202 0.5735 0.5693 0.5718 0.5650 (5) 
200/202 0.7825 0.7773 0.7753 0.7761 (5) 
201/202 0.4434 0.4448 0.4448 0.4437 (6) 
Z04/ ZOZ 0.ZZ56 0.2302 0.2281 0.2299 (2) 

Atomic weight 200.5830 (5) 200.594 (3) 200.590 (6) 200.597 (1) 

Error NS SD P P 

Annotation B 

Mass 
no. Nuclidic mass 550181 83ICA1 

196 195.965812 0.156 (1) 0.14 (10) 

198 197.966760 10.12 (10) 10.02 (7) 

199 198.968269 16.99 (9) 16.84 (11 ) 

200 199.968316 23.07 (12) 23.13 (11 ) 

201 200.970293 13.27 (7) 13.22 (11) 

202 201.970632 29.64 (15) Z9.tlU (14) 

204 203.973481 6.97 (5) 6.85 (5) 

Isotope ratio 196/202 0.005263 0.00506 
198/202 0.3414 0.3406 
199/202 0.5732 0.5734 
200/202 0.7783 0.7791 
201/202 0.4477 0.4452 
204/202 0.2291 0.2293 

Atomic weight 200.588 (4) 200.59 (2) 

Error P 

Annotation 
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1I7/1 

1961 204.37 
Mass 
no. 

203 

205 

Nuclidic mass 

202.972336 

204.974410 

Isotope ratio 203/205 

Atomic weight 

Error 

Annotation 

Mass 
no. 

203 

205 

Nuc1 idic mass 

202.972336 

204.974410 

Isotope ratio 203/205 

Atomic weight 

Error 

Annotation 

Mass 
no. 

204 

206 

207 

208 

1961 207.19 

Nuc1 idic mass 

203.973037 

205.974455 

206.975885 

207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 81Tl Thallium 
1969 204.37 (3) 1979 204.383 

38NIE1 

29.08 (40)c 

10.92 (40)c 

0.410 (8) 

204.393 (8) 

NS 

78MUR2 

29.665 {45)c 

70.335 (45)c 

0.4218 (9) 

204.3805 (9) 

SO 

1969 207.2 

38NIE3 

1.48 

23.59 

22.64 

52.29 

0.0627 
0.9597 
2.2166 

207.2185 (4) 

P 

48PAU1 

30.07 (49) 

69.93 (49) 

0.4300 

204.37 (l) 

3XSO 

80DUNl 

29.524 (9) 

70.476 (9) 

0.41891 (18) 

204.3833 (2) 

3XSD 

C, B 

48WHIl 

29.46 (5) 

70.54 (5) 

0.4176 

204.385 (l) 

p 

83ICA1 

29.524 (9) 

70.476 (9) 

0.41892 

204.3833 (2) 

Element 82Pb Lead 

38NIE3 

1.26 

27.31 

20.00 

51.43 

0.0461 
0.7323 
1 .8832 

207.1792 (4) 

NS 

41NIE1 

1.544 (19)c 

22.61 (43)c 

22.62 (43)c 

53.23 (60)c 

0.0683 
1 .0004 
2.3543 

207.236 (7) 

P 
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49HIB2 

29.52 (5) 

70.48 (7) 

0.4188 

204.383 (l) 

SO 

41 NIE1 

1.230 (15)c 

27.47 (SO)c 

19.87 (39)c 

51.43 (6l)c 

0.0448 
0.7233 
1.8722 

207.179 (8) 

P 
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Element 82Pb Lead--continued 

Mass 
no. Nuclidic mass 48WHIl 50HIB1 50HIB1 52COLl 

204 203.973037 1.37 (14) 1 .372 (16) 1.360 (5) 1.647 (lOlc 

206 205.974455 25.15 (25) 26.24 (2) 26.29 (3) 20.84 (21f 

207 206.975885 21.11 (21) 20.82 (3) 20.82 (4) 23.51 (22)c 

208 207.976641 52.38 (52) 51.57 (3) 51.53 (3) 54.00 (30)c 

Isotope ratio 204/206 0.0545 0.0523 0.0517 0.0790 
207/206 0.8394 0.7934 0.7919 1 .1281 
208/206 2.0827 1 .9663 1 .9601 2.5912 

Atomic weight 207.207 (5) 207.188 (6) 207.1875 (5) 207.258 (4) 

Error P 2XSD 2XSD P 

Annotation 

\>\a:>s 
no; Nuclidic mass 52COL 1 52DIBl 53ALLl 53ALL 1 

204 203.973037 1.0400 (66) 1.32 (2) 1.52 1.65 

206 205.974455 27.04 (25) 26.67 (20) 22.54 20.84 

207 206.975885 17 .62 (18) 20.50 (20) 22.70 23.51 

;::UI:l ;::U/.976641 54.30 (30) 51.50 (30) 53.24 54.00 

Isotope ratio 204/206 0.0385 0.0495 0.0674 0.0792 
207/206 0.6516 0.7687 1 .0071 1 .1281 
?ORj206 2.0081 1.11310 2.3620 2.5912 

Atomic weight 207.217 (4) 207.185 (3) 207.2373 (4) 207.2580 (4) 

Error P p NS NS 

Annotation 

Mass 
no. Nucl idic mass 53EHRl 53EHR1 53FAR1 53FARl 

204 203.973037 1.3478 (60)C 1.3560 (51)C 1.440 (9) 1.455 (7) 

206 205.974455 24.824 (64)c 25.158 (23)c 23.69 (2) 23.64 (5) 

207 206.975885 21.448 (79)c 21 .133 (60) c 22.54 (4) 22.61 (3) 

208 207.976641 52.38 (12f~ 5;::.354 (56)c 52.33 (4) 52.30 (7) 

Isotope ratio 204/206 0.0543 (2) 0.0539 (2) 0.0608 0.0615 
207/206 0.864 (3) 0.8400 (3) 0.9515 0.9564 
208/206 2.110 (10) 2.0810 (2) 2.2089 2.2124 

Atomic weight 207.211 (1) 207.2071 (6) 207.2191 (5) 207.2188 (8) 

Error NS NS SO SO 

Annotation 
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Element 82Pb Lead--continued 

Mass 
no. Nucl idic mass 54BEGl 54BEGl 54EHR1 54EHRl 54GEll 

204 203.973037 1.33 1.32 1.3528 (52)c 1.3899 (72)c 1.3517 (80)c 

206 205.974455 25.43 25.38 25.006 (28)c 24.820 (93)c 25.172 (52)c 

207 206.975885 20.94 20.90 21.280 (45)c 21.420 (89)c 21.044 (58)c 

Z08 207.976641 52.30 52.40 52.36£ (54)c 52.37 (18)c 5Z.433 (99)c 

Isotope ratio 204/206 0.0523 0.0520 0.0541 (2) 0.0560 (2) 0.0537 (3) 
207/206 0.8234 0.8235 0.851 (2) 0.8630 (2) 0.836 (2) 
208/206 2.0566 2.0646 2.094 (4) 2.110 (15) 2.083 (8) 

Atomic weight 207.2047 (4) 207.2065 (4) 207.2088 (6) 207.209 (2) 207.207 (l) 

Error NS NS NS NS 3XSD 

Annotation 

no. Nuclidic mass 54GEll 54RUSl 54RUSl 55EBE1 

204 203.973037 1.3846 {55)c 1.43 1.64 1.3237 (52)c 

206 205.974455 24.592 (46)c 23.30 20.84 25.455 (28)c 

207 206.975885 21. 986 (67) c 22.77 23.52 20.962 (37)c 

208 207.976641 52.037 (91)c 52.51 54.02 52.259 (53)c 

Isotope ratio 204/206 0.0563 (2) 0.0614 0.0787 0.0520 (2) 
207/206 0.894 (3) 0.9773 1 .1286 0.8235 (15) 
208/206 2.116 (7) 2.2536 2.5921 2.053 (4) 

Atomic weight 207.2080 (9) 207.2251 (4) 207.2584 (4) 207.2042 (6) 

Error 3XSD NS NS 3XSD 

Annotation 

Mass 
no. Nuclidic mass 55EBEl 55SAK1 55SAKl 56KUL1 

204 203.973037 1.6473 (42)c 1.37 1.34 1.21 

206 205.974455 20.9707 (72)c 25.03 25.03 27.48 

207 206.975885 23.592 (24)c 21.08 21.18 19.53 

208 207.976641 53.790 (18)c 52.53 52.45 51.78 

Isotope ratio 204/206 0.07855 (20) 0.0547 0.0535 0.0440 
207/206 1 .1250 (15) 0.8422 0.8462 0.7107 
208/206 2.565 (6) 2.0987 2.0955 1 .8843 

Atomic weight 207.2547 (2) 207.2098 (4) 207.2099 (4) 207.1825 (4) 

Error 3XSD NS NS NS 

Annotation 
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MaSs--
no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 

Atomic weight 

Error 

Annotation 

Mass 

207/206 
208/206 

no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

Element 82Pb Lead--continued 

56KULI 

1.35 

25.24 

21.12 

52.29 

0.0535 
0.8368 
2.0717 

207.2059 (4) 

NS 

58EHRI 

1.396 (l5)c 

24.577 (62)c 

21.677 (72)c 

52.35 (12)c 

0.0568 (6) 
0.8820 (25) 
2.130 (10) 

207.212 (l) 

NS 

58SAKI 

1.3537 (30)c 

25.058 (74)c 

21.118 (70)c 

52.47 (ll)c 

0.05402 
0.84277 
2.09394 

207.210 (l) 

SE 

56WHII 

1.40 (2) 

25.2 (1) 

21. 7 (1) 

51. 7 (2) 

0.0556 
0.8611 
2..0516 

207.199 (2) 

NS 

58EHRI 

1.3569 (51)c 

25.059 (21)c 

21.187 (34)c 

52.397 (41)c 

0.05415 (2) 
0.8455 (15) 
2..091 en 

207.ZQ'B6 (4) 

NS 

58SAKI 

1.3528 (30)c 

25.054 (74)c 

21.131 (70)c 

52.46 Ol)c 

0.05400 
0.84342 
2.09388 

207.210 (1) 

SE 

57RUSI 

1.64 

20.99 

23.57 

53.80 

0.0781 
1.1229 
2..5631 

207.2548 (4) 

NS 

58PAL1 

1.560 (15) 

22.50 (1l) 

22.61 (1l) 

53.33 

0.0693 
1.0049 
2..::I/Q2 

207.237 (3) 

NS 

58TIL 1 

1 .3330 (67) c 

25.473 (27)c 

21.000 (83)c 

52 • 194 (56) c 

0.05233 (26) 
0.8244 (41) 
2.049 (10) 

207.2031 (6) 

p 

57RUSI 

1.07 

24.81 

17.91 

56.21 

0.0431 
0.7219 
2.2656 

207.2578 (4) 

NS 

58TIL 1 

1.3587 (77)c 

25.203 (67)c 

21.269 (99}c 

52.17 (13)c 

0.05391 (27) 
0.8439 (42) 
2.070. (10) 

207.204 (1) 

P 
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Element 82Pb Lead--continued 

Mass 
no. Nucl idic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/20G 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

59FER1 

1.366 (16)c 

24.99 (14)c 

21.29 (20)c 

52.35 (25)t: 

0.05465 (55) 
0.8520 (85) 
2.09[;0 (210) 

207.208 (3) 

NS 

6200El 

1.46 

23.42 

22.62 

52.50 

0.0622 
0.9658 
2.2421 

207.2437 (4) 

NS 

66TAT1 

1.346 

24.795 

21 .103 

52.756 

0.0543 
0.8511 
2.1277 

207.21 512 (4) 

NS 

J. Phys. Chern. Ref. Data, Vol. 13, No.3, 1984 

60GAT1 

1 .568 (13)c 

22.13 (32)c 

23.51 (32)c 

52.79 (42)t: 

0.0708 (11) 
1.062 (10) 
2.383 (20) 

207.235 (5) 

NS 

6200El 

1.37 

24.89 

21.45 

52.29 

0.0549 
0.8621 
2.1011 

207.2088 (4) 

NS 

66TAT1 

1 .318 

25.797 

20.771 

52.114 

0.0511 
0.8052 
2.0202 

207.19950 (4) 

NS 

60GAT1 

1.3658 (99)c 

24.83 (29)c 

21.41 (25)c 

52.40 (36)t: 

0.0550 (7) 
0.862 (8) 
2.110 (14) 

207.211 (5) 

NS 

63RIG1 

1.425 (2) 

24.56 (1) 

22.36 (2) 

51.65 (2) 

0.05802 
0.91042 
2.10301 

207.2041 (2) 

SE 

68GAT1 

1.4245 (12) 

24.1447 (57) 

22 .0827 (27) 

52.3481 (86) 

60KOL1 

1.4551 (15)c 

23.450 (l1)c 

22.615 (19)c 

52.480 (23)c 

0.06205 (6) 
0.9644 (9) 
2.2380 (18) 

207.2226 (2) 

SO 

63RIGl 

1.458 (2) 

23.48 (1) 

22.54 (2) 

52.52 (2) 

0.06208 
0.95997 
2.23680 

207.2189 (2) 

SO 

69GRIl.l 

1.39 

25.10 

21.36 

52.15 

0.059042 (37) 0.0553 
0.91464 (33) 0.8508 
2.1G81 (8) 2.0774 

207.2152 (1) 207.2047 (4) 

3XSO NS 

C, B 
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1'1aSS 
no. Nuclidic mass 

204 203.973037 

206 205.974455 

207 206.975885 

208 207.976641 

Isotope ratio 204/206 
207/206 
208/206 

Atomic weight 

Error 

Annotation 

1961 208.980 
Mass 
no. Nuclidic mass 

209 208.980388 

Isotope ratio 

Atomic weight 

Error 

Annotation 

Mass 
no. 

232 

1961 232.038 

Nuel idie mass 

232.038053805 

Isotope ratio 

Atomic weight 

Error 

Annotation 

Element 82Pb Lead--continued 

75BAR3 78YAMl 78YAMl 

1.3439 (7) 1.600 1.617 

25.353 (13) 24.771 25.194 

21.075 (13) 21.263 21 .163 

52.228 (26) 52.366 52.026 

0.05300 0.0646 0.0642 
0.83127 0.8584 0.8400 
2.0600 2.114 2.065 

207.2043 (3) 207.20383 (4) 207.19568 (4) 

2XSD NS NS 

Element 83Bi Bismuth 
1969 208.9806 1971 208.9804 

38NIEl 63LEIl 83ICA1 

100 100 100 

208.98039 (3) 208.98039 (3) 208.98039 (3) 

NS NS 

Element 90Th Thorium 
1969 232.0381 

36DEM1 

100 

232.0'lP.05 ('2.) 

NS 

83ICAl 

100 

'2.'32.03S0S (2) 

83ICAl 

1.4 rll 

24.1 (1) 

22.1 (1) 

52.4 (1) 

0.0581 
0.9170 
2.1743 

207.217 (4) 
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nll4 

1961 238.03 
Mass 
no. Nuclidic mass 

234 234.040947400 

235 235.043925247 

238 238.050785782 

Isotope ratio 234/238 
235/238 

Atomic weight 

Error 

Annotation 

Mass 
no. Nuclidic mass 

234 234.040947400 

235 235.043925247 

238 238.050785782 

Isotope ratio 234/238 
235/238 

Atomic weight 

Error 

Annotation 

r1ass 
no. Nucl1d1c mass 

234 234.040947400 

235 235.043925247 

238 238.050785782 

Isotope ratio 234/238 
235/238 

Atomic weight 

Error 

Annotation 

DE BIEVRE ET AL. 

Element 92U Uranium 
1969 238.029 1979 238.0289 

39NIEl 46CHAl 46FOX1. 46FOXl 

0.00591 (60)c 0.005040 (30)c 0.00555 (17)c 0.00555 (17)c 

0.7148 (71)c 0.7131 (60)e 0.7246 (36)c 0.7193 (16)c 

99.2793 (71) C 99.2818 (60)e 99.2699 (37)c 99.2751 (16)c 

0.000060 (6) 0.000051 (3) 0.000056 (2) 0.000056 (2) 
0.007200 (72) 0.007183 0.007299 (36) 0.007246 (16) 

238.0291 (2) 238.0291 (2) 238.0288 (1) 238.02893 (5) 

P p NS NS 

56LOU1 56WHll 

0.0057 (2)c 0.0056 (l) 

0.7204 (7)c 0.718 (5) 

99.2739 (7)" 99.276 (5) 

0.000058 (2) 0.000056 
0.007257 (7) 0.007232 

238.02890 (2) 238.0289 (2) 

SO NS 

695MIl b9::iMli 83lCAI 
76COWl 76COWl 

0.005448 (2) 0.00508 (2) 0.0055 (5) 

0.7200 (1) 0.7196 (1) 0.7200 (12) 

99.2745 (10) 99.2753 (10) 99.2745 (15) 

0.000055 0.000051 0.0000554 
0.007253 0.007249 0.0072526 

238.02879 (3) 238.02890 (3) 238.0289 (1) 

SO SO 

B B 
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20ASTI 

32ASTI 

34VAUI 

35BREI 

,5NlEl 

36BLEI 

36DEMl 

36HALI 

36NIEI 

<7RROI 

37NIEI 

37NIE2 

38BREI 

38MORl 

38NIEl 

38NIE2 

38NIE3 

38VOSI 
39MATI 

39MATI 

39NIEI 

39NIE2 

39NIE3 

39SWAI 

40VALI 

41MURI 
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